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Abstract 
Introduction 
In the past, the concept of environmental quality was almost non-existent in the 
world's business community. Gradually, environmental consciousness grew. Today, it 
encompasses issues like clean air, safe drinking water, healthy ecosystems, safe food, 
safe waste management, natural resource conservation and the restoration of 
contaminated sites. The most commonly perceived culprits to environmental 
protection are poor planning and implementation of manufacturing processes, poor 
production and operations management practices, poor disposal of end-of-use items, 
poor quality of raw material, improper product-design, improper use of transportation 
mode etc. In this sense, business operations are viewed as a potent threat to the 
environment, as they contribute to waste generation, ecosystem disruption, and 
depletion of natural resources. Our current production practices are believed to 
outstrip the earth's ability to recover and rejuvenate itself and, thus are not sustainable 
by the earth's ecosystem (Beamon, 1999). Also, with increasing consumerism, 
production of goods and services is ever increasing. Therefore, churning out goods for 
the consuming masses of the world, pose a serious threat to the environmental health 
of the globe (Rao, 2004). 
The current state and trend of environmental degradation from regulatory, consumer, 
and moral standpoints indicates a need for change in approach to manufacturing 
(Beamon, 1999). There is a need for a fundamental shift in the way business processes 
are managed. This presents the industry with both challenges and opportunities in 
integrating environmental concerns in business processes. This can help in achieving 
sustainable development for human society. 
Manufacturing Operations and Sustainability 
Various organizational functions - be it engineering and design, purchasing, 
operations, human resources, etc. - in some form or the other impact environmental 
sustainability. However, manufacturing and operations are core functions that have a 
profound and direct impact on corporate environmental performance (Sarkis, 2001). A 
number of issues encompass this function such as product design, selection of raw 
materials, manufacturing processes, re-use or recycling of used products (Jones and 
Klassen, 2001). These activities can potentially harm the environment, if 
environmental considerations are ignored in their development and deployment. This 
throws the integration challenge, i.e. challenge of blending environmental 
management into core business processes, tools, decision-making and accountability 
(Schaitegger et al., 2003). 
Organizations, today, are sourcing raw materials and semi-finished and even finished 
components from numerous suppliers and sub-suppliers. Thus, many of today's 
supply chains are longer and complex. Therefore, supply chain management has 
become vital in today's globalized world (Welford, 2002). In such a situation, 
organizations need to take responsibility for the environmental performance of the 
entire supply chain. This presents a new challenge of balancing efforts to reduce costs 
and innovate while maintaining good environmental performance (Pagell et al., 2004). 
Thus, the management of supply chain is an important element for business to lower 
its environmental and social impacts (Wycherley, 1999), hence a potent area in 
achieving sustainability in manufacturing operations. 
Green Supply Chain Management (GSCM) 
Adding green component to supply-chain management involves addressing the 
infiuence and relationship between supply-chain management and natural 
environment (Srivastava, 2007). GSCM includes green purchasing, green 
manufacturing/ material management, green distribution/ marketing and reverse 
logistics (Hervani et al., 2005). It is also rooted in the idea of corporate social 
responsibility which calls for and facilitates organizations to make all operations and 
supply chain decisions within the context of environmental concerns. The aim of 
organizations adopting GSCM practices is to enhance their environmental and 
financial performance, investment recovery and eco-design or design for 
environmental practices (Zhu and Sarkis, 2004). 
Literature Review 
Literaiture was reviewed under the following broad themes: 
• Governmental Role in Environmental Management 
• Environmental Strategies 
• Environmental Management System 
• Environmental Technologies 
• Key Business Processes 
Literature on Key Business Processes 
The following are the key business processes on which extensive literature review 
was carried out. 
• Product development 
• Purchasing 
• Manufacturing 
• Reverse logistics 
• Environmental performance evaluation/measurement 
Chen (2001) suggested that green product development, which aims to prevent 
pollution in the first place through product design and innovation, has emerged as an 
innovative and sustainable tool for solving today's environmental problems. Simon 
(1992) argued that the green products emerge from the demand-pull of customers with 
new attitudes toward environmental values. Jain and Kaur (2004) reported that green 
product development is also stimulated by various forms of environmental standards 
imposed by governments around the world. 
Porter & van der Linde (1995) and Carter & Ellram (1998) have reported that 
purchasing function is placed in an advantageous position to implement waste 
reduction strategies. Faith-Ell et al. (2006) reported that purchasers can improve the 
environmental performance of the products and services by expressing environmental 
preferences through green procurement. Lippmann (2001) highlighted the need for 
working collaboratively with suppliers on new product development, providing 
training, and/or mentoring, in order to increase their environmental management 
capacity. Rao (2002) observed that enhancing the environmental performance of 
suppliers lead to competitiveness and improved economic performance. 
Azzone and Bertele (1994) have pointed out that the production processes effect the 
environment by affecting both the production of pollutants and the consumption of 
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natural resources. Bhat (1996) opined that pollution reduces efficiencies and increases 
costs because discharged wastes contain expensive materials, energy inputs, labour 
and overheads. Hui et al. (2001) and Tan et al (2002) described green manufacturing 
as a mode that encompasses all the methods of manufacturing that are designed to 
minimize the environmental impact, reduce waste & pollution and conserve resources. 
Rao (2004) has suggested that the internal supply chain's performance can best be 
managed within this function and reported four frameworks (i) Cleaner Production, (ii) 
Lean Production, (iii) Eco-efficiency and (iv) TQEM, as commonly used by the 
industry while implementing green manufacturing in their firms. 
Reverse logistics stands for all the operations related to the reuse of used products. 
Martin (2001) described reverse logistics as a way to maximize the value of residual 
assets. Dowlatshahi (2000) termed reverse logistics as the process in which a 
manufacturer systematically accepts previously shipped products or parts from the 
point of consumption for possible recycling, remanufacturing or disposal. Wu & Dunn 
(1995); Carter & Ellram (1998) observed that reverse logistics has important 
environmental dimensions. Daugherty et al. (2001) have stated that reverse logistics is 
fast becoming a competitive necessity. They identified some of the potential benefits 
that may accrue to firms with an effective reverse logistics program such as better 
customer satisfaction, increased control on inventory, reduced costs, higher 
profitability, and enhancement of corporate image. Another dimension of reverse 
logistics is Product Life Extension. Roy (2000) reported that product life extension 
aims at decreasing the environmental impact while increasing the economic value of 
the product at different stage in its life cycle. 
There is a wide variety of criteria that can be used to evaluate a firm's environmental 
performance. James (1994) has proposed a set of criteria including the quantification 
of environmental costs, and environmental protection activities, satisfaction of 
consumer needs, evaluation of the impact on the environment as a result of the 
activities of the company, consumption and efficiency in the use of resources, and 
wastes generated and risk assessment. Sarkis and Rasheed (1995) presented a list of 
environmental performance measures such as recycled content, recyclability, 
reusability, degradability, hazardous/ toxic waste content, resource/ energy usage, and 
air, water & soil pollution issues related to product, process and technology. 
The key gaps identified as a result of extensive literature review are as follows: 
• Majority of the studies reported in the literature are carried out in context of 
the developed countries. The researcher could not locate any empirical study 
in Indian context. 
• In most of the studies, only large firms are focused upon and there is general 
lack of studies on small and medium enterprises (SMEs). 
• In the available literature, barriers and enablers impacting integration of 
environmental concerns in key business processes have been reported. 
However, that listing is far from comprehensive. Moreover, their relative 
importance and mutual relationships are also not yet identified and analyzed in 
the available literature. 
• Generally, there are a large number of vendors supplying various components 
to OEM. A significant portion of these vendors fall in SME category. Till date, 
suitable integrating methods for the suppliers have not been devised for 
improving the overall environmental performance of supply chains. 
• Available literature records issues related to implementation of some of the 
GSCM practices. However, there is lack of enough understanding on 
similarity and dissimilarities across the different industrial sectors and 
categories. 
• Companies could have different alternatives for the conduct of GSCM 
program and practices. These alternatives have been individually discussed in 
the existing literature on environmental management. Yet, not many analytical 
models can be found, which guides practitioners in selection of the best 
alternative for the conduct of GSCM operations. Also, a holistic framework, 
incorporating both tangible and intangible variables in evolving an 
environmental friendly approach, has not been developed, as yet. 
The Study 
This research aims to integrate environmental concerns in business processes, 
primarily the supply chain processes. This is expected to ensure productivity and 
welfare of the society, contributing to sustainable development. Integration is the 
main theme of this research. From the interdisciplinary perspective, the research 
bridges Operations and Supply Chain Management and Environment Management in 
order to balance a variety of corporate objectives such as profitability, productivity 
and waste management. From cross functional perspective, the research attempts to 
bring together different functional fields like product design, procurement, 
manufacturing and reverse logistics. It is believed that an interdisciplinary, cross-
functional perspective can help develop effective strategies that balance, economic 
and environmental costs. It shall contribute to long term betterment of industry and 
society as a well. 
The Scope 
This study aims to integrate environmental concerns in the key business processes of 
manufacturing sector in India. In this study, the following key business processes 
have been focused upon: 
• Product development, 
• Procurement/ purchasing, 
• Manufacturing, 
• End-of-life management of product (Reverse logistics) 
• Performance evaluation (from environmental perspective) 
• Other miscellaneous/related management practices (like employee training, 
performance evaluation, goal setting etc.) that ensures environmental friendly 
enterprise. 
For the purpose this study, key business processes would include major supply chain 
management processes mentioned above. As this study focuses on integrating 
environmental concerns in the key business processes of manufacturing sector in 
India, the primary focus would be to understand green supply chain management 
(GSCM) practices. Therefore, in this study 'integrating environmental concerns in key 
business processes' may be taken to mean GSCM practices. Also, the term green may 
be taken to imply environmental friendliness wherever used in conjunction with 
business processes and/ or practices. 
The study primarily focused on three key industrial sectors, namely: 
• Automobile including auto components 
• Electrical and Electronics goods 
• Chemical and Paint 
Research Objectives 
The broad objectives of the study are: 
• To assess the current state of environmental concerns in Indian manufacturing 
sector. 
• To gain an insight into the current state of GSCM practices in targeted 
companies. 
• To explore differences, if any, with regard to GSCM practices across varied 
industrial sectors and nature of industrial enterprise. 
••• To identify barriers and enablers impacting implementation of GSCM. 
••• To propose a model by crystallizing relationships and driving power & 
dependence of the barriers and enablers. 
<• To ascertain validity of a conceptual model interlinking environmental 
concerns, barriers, enablers, GSCM practices and performance (environmental, 
competitive and economic). 
Research Strategy 
Following three research techniques have been employed in this research: 
• Questionnaire-based Survey 
• Interpretive Structural Modeling (ISM) 
• Structural Equation Modeling (SEM) 
Research Hypotheses 
Based on the extensive review of the existing literature and discussions with experts, 
hypotheses were formulated and have been placed under three sets. The first set of 
hypotheses (hypothesis 1- hypothesis 8) was related to green practices. This set of 
hypotheses focused on establishing relationship among varied green practices. The 
second set of hypotheses (hypothesis 9 - hypothesis 14) focused on 
similarities/dissimilarities with regard to select green practices across selected 
industrial sectors as also varied type of enterprises like, OEM & suppliers, listed and 
non-listed companies and their scale of operation (SMEs and Large enterprises). The 
third set of hypotheses (hypothesis 15 - hypothesis 24) sought to establish relationship 
between and among two factors that are expected to drive one another. 
Multiple linear regression analysis has been carried out for testing the first eight 
hypotheses. For testing the validity of hypothesis number 9, 10 & 11 both 
independent-samples t-test and ANOVA have been conducted. Hypotheses 12 and 13 
have been tested for validity with independent-samples t-test. Rests of hypotheses, 
from number 14 to 24, are tested using correlations. The evaluation uses a 
significance level of p < 0.05. 
Specific hypotheses are being produced along with results on page 12 (Table 1) 
The Conceptual Model 
The conceptual model developed by the researcher for validation through SEM for the 
study is presented as Figure 1. 
Figure 1: Conceptual Model for SEM 
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Pattern of Analysis 
The study used the specifically developed research questionnaire (Appendix Al), as 
the basic research instrument to collect the data. The data was analyzed using MS-
Excel 2002, SPSS (version 13.0) software and LISREL (version 8.5) Structural 
Equation Modeling software. The descriptive analysis of the data was undertaken 
using frequency distribution, mean, standard deviation, which are useful to identify 
differences among several data sets. Cronbach's reliability test was carried out to test 
the reliability of the survey questionnaire. For testing the hypotheses, appropriate 
statistical tools like regression analysis, t-test, ANOVA, correlations test were used. 
Key Findings from the Research 
• Waste disposal, air emission, low level of eco-literacy and depleting natural 
resources are the major environmental concerns of the Indian manufacturing 
industry. 
• Lack of commitment from the top management, inadequate adoption of 
reverse logistic practices, low level of eco-literacy among supply chain 
partners, lack of corporate social responsibility, and lack of market demand 
for green products emerged as the prominent barriers for the impacting 
integration of environmental concerns in business processes. 
• Reverse logistics practices are not being widely adopted in Indian 
manufacturing organizations. 
• Responding companies have implemented ISO: 9000 quality management 
system. However, only 50 % of them had implemented ISO: 14001 EMS. 
• Greening of suppliers is not a very common practice in Indian manufacturing 
sector. 
• Modem environmental management techniques and practices such as 
benchmarking, carbon trading, eco-labeling. Life Cycle Assessment (LCA), 
balanced scorecard for performance management, public environmental 
reporting, environmental accounting, product recovery after end-of-life, are 
hardly being practiced in organizations surveyed. 
• Environmental responsiveness related parameters are rarely used in 
performance reviews of employees. 
Organizations are more inclined to pursue pollution control than pollution 
prevention approach. Environmental policy beyond legislative compliance is 
moderately adopted in Indian industry. 
Environmental performance measurement is not extensively practiced in the 
Indian manufacturing organizations. 
Use of recycled paper is found to be low in the Indian manufacturing industry. 
Pollution prevention, improved working environment, increased employees 
environmental awareness, better corporate image, and exploring international 
markets were the five most cited benefits of integrating concerns in business 
processes. 
Top management commitment, societal concern for protection of natural 
environment, government policies & regulations, eco-literacy of the supply 
chain partners, and customer's demand for environmental improvement 
emerged as five key enablers influencing integration of environmental 
concerns in business processes. 
Results of the ISM-based model suggest that four barriers namely lack of 
corporate social responsibility, lack of commitment from the top management, 
inadequate strategic planning and lack of support & guidance from 
regulatory authorities have strong driving power and low dependence on 
other barriers. Thus, these barriers, by virtue of their strong driving power, 
create remaining barriers as well, such as lack of appropriate environmental 
performance matrices, lack of preparedness on the part of suppliers, lack of 
eco-literacy among the supply chain partners, resistance to change and adopt 
innovations, lack of integrated information system, etc. 
ISM-based model also suggests that enablers such as government policies and 
regulations, societal concern for protection of natural environment, eco-
literacy among supply chain partners, top management commitment, lean 
manufacturing, ISO 14001 certification md proper workplace management & 
housekeeping form the base. So, organizations need to focus ensuring 
presence of these enablers. 
ISM-based model also indicates that enhanced customer satisfaction through 
better environmental performance can be achieved by continuously improving 
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the enablers possessing higher driving power. Most of these enablers have 
strategic orientation. 
Continuous improvement of organization's environmental performance is 
positively influenced by: (i) assignment of roles and responsibilities with 
respect to environmental programs (ii) setting of quantifiable environmental 
objectives, and (iii) benchmarking environmental performance. 
Implementation of proactive environmental policy beyond compliance to 
legislative requirements is facilitated by: (i) environmental accounting (ii) 
balanced scorecard for environmental performance measurement, and (iii) 
environmental criteria in the performance review of employees. 
Market demand for green products is negatively influenced by (i) lack of 
support and guidance from regulatory authorities, (ii) lack of eco-iiteracy 
amongst the supply chain partners, and (iii) inadequate adoption of reverse 
logistics practices. 
Large enterprises pay greater attention to regular monitoring of environmental 
performance indicators than SMEs. 
Electrical & electronics sector pays more attention to products designed for 
energy efficiency in comparison to automobile sector. 
All the industrial sectors accord similar importance to certification to ISO 
14001 EMS as enabler facilitating integration of environmental concerns in 
business processes. 
Eco-literacy among the supply chain partners leads to development of green 
products. 
Green product development leads to eco-labeling of products. 
Eco-labeling of products creates a better corporate image. 
Pollution prevention leads to reduction in consumption of resources. 
Reduced consumption of resources helps in improving productivity. 
Increased productivity leads in improvement in returns on investment. 
Results of the SEM-based model suggest that greening of production and 
TQEM practices help in resource conservation and pollution prevention. 
SEM analysis also suggests that adoption of green business practices such as 
greening of suppliers, TQEM and greening of production lead to 
0» ,%• 11 
improvement in competitiveness and economic performance of tlie 
organization. 
Results of the Hypotheses Testing 
The results of hypotheses testing using various statistical tools are summarized in 
Table 1. 
Table 1: Summary of Results (Hypotheses Testing) 
Hypo-
thesis 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Hypothesis 
Green procurement practices in an organization are positively 
influenced by (i) green product development, (ii) adoption of 
reverse logistics practices, and (iii) customers' demand for 
environmental performance improvement. 
Certification to ISO: 14001 Environmental Management 
System is positively influenced by (i) green procurement 
practices, (ii) customer's demand for environmental 
performance improvement, and (iii) governmental subsidized 
program/tax incentive for green products/processes. 
Organizational environmental competitiveness is positively 
influenced by (i) eco-labeling of products, (ii) green product 
development, and (iii) availability of cleaner technology. 
Pollution prevention activities are positively influenced by (i) 
reverse logistics practices in supply chain, (ii) top 
management commitment, and (iii) economic benefits 
through carbon trading. 
Market demand for green products is negatively influenced by 
(i) lack of support and guidance from regulatory authorities, 
(ii) lack of eco-literacy amongst the supply chain partners, 
and (iii) inadequate adoption of reverse logistics practices. 
Proactive environmental policy (even beyond compliance to 
legislative requirements) is facilitated by (i) environmental 
accounting, (ii) balanced scorecard for environmental 
performance measurement, and (iii) environmental criteria in 
the performance review of employees. 
Continuous improvement in organization's environmental 
performance is positively influenced by (i) assignment of 
roles and responsibilities with respect to environmental 
programs, (ii) setting of quantifiable environmental 
objectives, and (iii) benchmarking environmental 
performance. 
Risk reduction related to termination of business owing to 
environmental issues is positively influenced by (i) pollution 
Result 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
12 
9(a) 
9(b) 
10(a) 
10(b) 
11(a) 
11(b) 
12 
13 
14 
15 
16 
17 
18 
19 
20 
prevention, (ii) reduced risk of litigation, and (iii) increased 
productivity. 
OEM and suppliers differ significantly in considering lean 
manufacturing practices as an enabler to the integration of 
environmental concerns in key business processes. 
Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of 
lean manufacturing practices as an enabler to integration of 
environmental concerns in key business processes. 
There is no difference between listed and non-listed 
companies regarding their belief in certification to ISO: 
14001 EMS as a facilitator for integrating environmental 
concerns in key business processes. 
Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of 
certification to ISO; 14001 EMS as an enabler influencing 
integration of environmental concerns in key business 
processes. 
Large enterprises attach greater importance to educating their 
suppliers regarding techniques to improve their environmental 
performance than small scale and medium scale industries 
(SME). 
Significant differences exist among industrial sectors (i.e. 
automobile, electrical & electronics and chemical &. paints) 
regarding importance they attach to educating suppliers in 
terms of techniques being deployed by them for improving 
environmental performance. 
Large enterprises pay greater attention to regular monitoring 
of environmental performance indicators than SMEs. 
Automobile and electrical & electronics sectors do not differ 
significantly in considering the design for energy efficiency 
approach while designing their products. 
Lack of support and guidance from regulatory authorities 
leads to inadequate adoption of reverse logistics practices into 
supply chain processes. 
Inadequate adoption of reverse logistics practices is positively 
related to financial constraints. 
Financial constraints are positively related to inadequate 
strategic planning. 
Competitive advantage through green product/process 
development positively influences pollution prevention. 
Pollution prevention leads to reduced consumption of 
resources. 
Reduced consumption of resources leads to increased 
productivity. 
Increased productivity (an indicator of waste minimization) 
leads to improvement in return on investment (ROI) 
Not 
Accepted 
Accepted 
Accepted 
Not 
Accepted 
Not 
Accepted 
Not 
Accepted 
Accepted 
Not 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
13 
21 
22 
23 
24 
Top management commitment to integration of 
environmental concerns in business processes is positively 
related to eco- literacy amongst supply chain partners. 
Eco-literacy amongst supply chain partners leads to 
development of green products. 
Green product development leads to eco-labeling of products. 
Eco-labeling of products leads to corporate image through 
environmental responsibility. 
Accepted 
Accepted 
Accepted 
Accepted 
ISM- based Model for Barriers and Enablers 
After review of literature and the opinions of experts, both from industry and 
academia, a number of barriers and enablers impacting integration of environmental 
concerns in key business processes were listed in the questionnaire-based survey and 
respondents were asked to indicate their opinions on them. Through the results of the 
survey, all the barriers and enablers were ranked in descending order of their mean 
score. Based on survey rankings and opinions of experts, top 15 barriers and enablers 
were selected for further analysis. They are analyzed by Interpretive Structural 
Modeling (ISM) technique and the models so developed have been presented as 
Figure 2 & 3. 
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Figure 2: ISM Based Model for Barriers 
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Figure 3: ISM Based Model for Enablers 
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Validation of Conceptual Model 
The conceptual model, presented in Figure 1, has been tested for its validity involving 
Structural Equation Modeling (SEM) technique using LISREL (version 8.5) soiltware. 
The structural model, so obtained, described the causal relationship between the latent 
variables. It helped measure the strength of relationship between independent and 
dependent variables. The parameter estimates of the relationships of various latent 
variables along with their structural paths are presented in Figure 4. 
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The results obtained through SEM analysis suggest that adoption of GSCM practices 
help improve environmental as well as competitiveness and economic performance. 
Implications of the Research 
The key implications of this research for practitioners are as follows: 
• The present state of green business practices has been explored in this research 
in the context of Indian manufacturing industry. This information may act as 
an input in design and development of green supply chain management 
programs in organizations, in general and manufacturing sector, in particular. 
• Managers from operations, environmental health & safety (EHS) and supply 
chain management areas may gain insights from this empirical study. It is 
observed from the research that adoption of lean manufacturing practices, ISO: 
14001 certification, implementation of proper housekeeping practices (such as 
5S), enhancing eco-literacy of the supply chain partners, green purchasing, 
adoption of reverse logistics practices in the supply chain may be given top 
priority for improving the environmental performance of the organisations. 
• 
• 
Lack of corporate social responsibility and lack of commitment from top 
management have emerged as key barriers in adoption and implementation of 
green supply chain management practices and programs. Therefore, the top 
management of companies needs to make efforts to address these barriers. 
Integrating environmental concerns in business processes results into many 
benefits like pollution prevention, improved working environment, enhanced 
employees' environmental awareness, better corporate image, better 
exploration of international markets, reduced risks of litigations, etc. 
Therefore, managers can adopt green supply chain management practices in 
their organization in order to harvest related benefits. 
Suppliers, being an essential part of the supply chain, have very important role 
to play in green supply chain management programs. It is observed from the 
survey that organizations are taking limited initiatives to ensure and enhance 
the environmental performance of their suppliers. Managers need to make 
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• 
• 
• 
efForts to ensure the active participation of their suppliers in the design and 
implementation of green business practices. 
Actions are called for to enhance the effectiveness of the enablers facilitating 
integration of environmental concerns in business processes. Simultaneously, 
there is a need to focus on reducing the impact and growth of the barriers for 
attaining success in green supply chain management programs. 
Design for the Environment and Life Cycle Assessment are critical for GSCM 
programs. Managers may adopt these techniques for ensuring environmental-
friendly product designs and also capturing data related the environmental 
impact created by the product throughout its entire life. 
It is observed from the survey that green purchasing by government can give a 
significant fillip to GSCM programs. Possibilities in this area may be explored. 
It is observed that implementation of EMS such as ISO: 14001 is one of the 
significant enablers that help GSCM programs. Managers should make 
necessary efforts to adopt and implement EMS for enhancing the success of 
GSCM programs. 
Limitations of the Study 
Although efforts were made to carry on a research that was theoretically and 
empirically sound. However, the study suffers from several limitations: 
• Participation and cooperation of respondents is serious problem in a survey based 
research. The same was observed in this study. Some respondents appeared 
reluctant to participate in the survey. They apprehended that that a study on a 
burning issue may expose the weaknesses of the organization in general and 
management in particular. This limitation caused a lower than the anticipated 
response rate from the targeted companies. 
• The study assumed that the respondents were reflecting the state of the responding 
companies. However, their individual perceptions might have influenced their 
responses and their views may not represent the entire organizational reality. The 
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responses to the questionnaire reflect only the opinions of responding individuals 
who have filled up the questionnaire and could have some element of bias. 
• Another significant limitation of the survey is the relative homogeneity of the 
respondent managers in the response sample. Majority of the respondents to the 
survey represented the top management in the organizations who held high 
ranking positions such as proprietors, chief executive officer, vice-president, 
general manager, plant manager, etc. These respondents could be in the best 
position to opine on the strategic aspects of green supply chain management 
practices. However, lower levels of managers are more involved in the operational 
aspects. Therefore, a good insight on operational issues related to GSCM could 
have been obtained from functional managers. 
• There was lack of empirical studies in this field, specifically in Indian context. 
This limitation also affected the research. Such previous studies could have made 
the foundation of this effort even more robust and strong. 
• The study focused upon the key business processes related to product 
development, procurement/purchasing, manufacturing, end-of-life management of 
products (reverse logistics), environmental performance evaluation and some 
miscellaneous management practices only. However, there are other business 
processes also that have a bearing on the environmental management in an 
enterprise. For examples, processes like planning and forecasting, inventory 
management, logistics, distribution of final products, after-sales support etc. too 
might impact the environmental performance of an enterprise. The inclusion of all 
of them would have made the study unwieldy. Therefore, only key business 
processes were focused upon. This, too, may be considered as a limitation of this 
study. 
• The study was restricted to three industrial sectors. Although these sectors 
represent a significant part of Indian manufacturing sector, still they may reflect 
only partial reality of the entire Indian manufacturing sector. 
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Directions for Future Research 
Based on the study, the following directions for future research may be pointed out: 
• In this study, only three industrial sectors have been targeted, which may not 
represent the entire Indian manufacturing sector. Studies may be carried out in 
other industrial sectors. That shall help understand the context of 
environmental concerns in other sectors as well. 
• The survey questionnaire developed in this research is a comprehensive one. It 
has emerged out of thorough literature survey. The same instrument, after 
suitable modification, could be used as an instrument for carrying out further 
empirical studies in green supply chain management. 
• Majority of the respondents to the survey represented the top management in 
the organizations who were holding top ranking positions such as proprietors, 
chief executive officer, vice-president, general manager, plant manager, etc. 
These respondents could be in the best position to give opinion on the strategic 
dimensions impacting green business practices. However, lower levels of 
managers are more involved in the operational aspects. Therefore, a good 
insight of operational issues related to GSCM could have been obtained from 
functional managers. That may be attempted in future research efforts. 
• This study has not covered many issues such as, environmental accounting, 
green consumerism, green marketing, inbound and outbound logistics, storage 
and distribution, etc which may be relevant to this theme. These issues may be 
included in future studies. 
• In the present research, only fifteen barriers and enablers were considered for 
developing ISM-based models, which may further be improved by including 
additional barriers and enablers. The ISM-based models in the study are 
developed based on the opinions of the industry experts and academicians and, 
therefore, they have some element of bias. Another limitation of these models 
is that they have not been statistically validated. Structural Equation Modeling 
approach may be applied in future to test the validity of these models. 
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Introduction 
1.1 The Context 
In the past, the concept of environmental quality was almost non-existent in the 
world's business community. Gradually, environmental consciousness grew. 
Today, it encompasses issues like clean air, safe drinking water, healthy 
ecosystems, safe food, safe waste management, natural resource conservation and 
the restoration of contaminated sites. There has been an increasing public attention 
to the overall improvement of the natural environment. This attention may be 
largely attributed to the information provided by the media, through growing 
numbers of environmental and consumer interest groups (Fiksel, 1996). The most 
commonly perceived culprits to environmental protection are poor planning and 
implementation of manufacturing processes, poor production and operations 
management practices, poor disposal of end-of-use items, poor quality of raw 
material, improper product-design, improper use of transportation mode etc. In this 
sense, business operations are viewed as a potent threat to the environment, as they 
contribute to waste generation, ecosystem disruption, and depletion of natural 
resources. Our current production practices are believed to outstrip the earth's 
ability to recover and rejuvenate itself and, thus are not sustainable by the earth's 
ecosystem (Beamon, 1999). Also, with increasing consumerism, production of 
goods and services is ever increasing. Therefore, churning out goods for the 
consuming masses of the world, pose a serious threat to the environmental health 
of the globe (Rao, 2004). 
From an environmental point of view, manufacturing turns resources into products 
that eventually enter the natural environment as wastes. Similarly, the energy used 
in production finally ends up as waste heat. As a result, the more intensive the 
production process, the more resources are depleted and waste generated. The 
current state and trend of environmental degradation from regulatory, consumer, 
and moral standpoints indicates a need for change in approach to manufacturing 
(Beamon, 1999). There is a need for a fundamental shift in the way business 
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processes are managed. This presents the industry with both challenges and 
opportunities in integrating environmental concerns in business processes. This can 
help in achieving sustainable development for human society. It requires incessant 
pursuit of productivity and efficiency in industrial processes. 
The concern of sustainability demands vast reduction in resource use and waste 
generation. There is a need to move away from one-time use and product disposal. 
The first step in such a move is to extend the structure of the current one-way 
forward supply chain to a closed-loop. This can be achieved by including supply 
chain operations, which are designed for end-of-life product and packaging 
recovery, collection, and re-use in the forms of recycling and/or remanufacturing 
(Beamon, 1999). A schematic model of the closed-loop supply chain is presented 
in Figure 1.1. 
Figure 1.1: Closed-Loop Supply Chain 
Recycling 
Consumer 
\ 
Legends: 
W^ Waste or disposed 
materials 
^ Forward Logistics 
• - - • Reverse Logistics 
Source: Adapted from Beamon (1999) 
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The model indicates that restructuring of supply chain into closed-loop is possible. 
This would entail operations like remanufacturing, recycling and re-use. However, 
this creates an additional level of challenge to supply chain design. Additionally, 
operational and strategic considerations are set in motion in this new design. 
1.2 Sustainable Development 
The concept of sustainable development provides a framework for the efficient use 
of resources, effective development of infrastructure, protection and enhancement 
of quality of life, economic or business development along with protecting the 
environment (Atkisson and Hatcher, 2001). It is different approach to development. 
This umbrella term is not limited to physical values, economic development, 
material flows and physical environmental improvements, but also includes the 
social well-being and quality of people's lives (Elkington, 1999). Energy 
consumption, substitution of polluting fuels by eco-friendly energy sources, 
reduction of packaging and other wastes, green cover, effective water harvesting 
and use, eco-friendly agriculture, re-use of wastes of manufacturing, protection of 
endangered species etc, are some of the dimensions of sustainable development 
(Khandwalla, 2008). Sustainability has been defined as the goal of sustainable 
development, which focuses on economic and social developments that protect and 
enhance the natural environment and social equity (Diesendorf, 2000). An 
integrated concept of sustainable development emerged in the report Our Common 
Future issued by the World Commission on Environment and Development. This 
included systems and effective citizen participation in decision making, providing 
solutions for the tensions arising from disharmonious developments, respecting the 
obligation to preserve the ecological environment, and fostering long-term stability 
of business (WCED, 1987). At the same time, the Commission also called for 
industry action to accept social responsibility, establish company policy and 
comply with the laws and requirements of the country in which they operate. This 
concept was crystallized as an integrked approach to policy and decision making 
in which environmental protection and long-term economic development were 
seen not as incompatible entities, but complementary to one another. Accordingly, 
for any business to be sustainable, it must aim for the pursuit of economic 
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prosperity, ecological/environmental quality and social equity simultaneously. This 
calls for a paradigm shift from the traditional model of business or single bottom 
line (where businesses are run solely for profits) towards the Triple Bottom Line 
Model (Elkington, 1999), wherein long term maintenance of systems requires 
balancing environmental, economic and social considerations. 
1,3 Environmental Management 
Environmental concerns grew in the 1960s because of increase in levels of 
pollution. Pollution, which is considered as a sign of both environmental and 
economic inefficiency, occurs at various stages of the business operations. The 
period of 1970s and 1980s was characterized by depletion of natural resources. The 
industrial wastes generated, affected the human health as well as the eco-system. 
This caused a concern for protection and conservation of the environment. This 
marked a shift in corporate environmental management from a compliance-based 
approach to one based on internal policies for reducing environmental risks 
(Elkington, 1994). This led to evolution of concept of pollution prevention. The 
1990s saw the development of environmental management systems (EMSs) 
designed to provide a framework for organizations to incorporate environmental 
objectives into their decision making (Boiral and Sala, 1998). This led to 
emergence of belief that improving the environmental performance of corporations 
is a way of limiting environmental damage. Figurel.2 shows the evolution of 
corporate environmental management and likely future trends. 
Alongside, it may also be noted that the accelerated industrial growth resulted in 
the quality evolution in the 1980s and the supply-chain revolution in the 1990s. 
Over these years, the environment suffered at the expense of economic progress 
(D'Souza and Peretiatko, 2002). There was a gradual realization of an inseparable 
link between socio-economic issues and the environment. 
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In the emerging paradigm, the business corporations are expected to be responsive 
to environmental concerns. The importance of this responsiveness is highlighted by 
several authors (Walley and Whitehead, 1994; Porter and van der Linde, 1995). 
The new approach suggests that the environmental management is no longer the 
sole responsibility of the Government. The responsibility is extended to businesses 
as they are part of society and need to be held accountable for the decisions made 
within their organization that may have environmental effects. This requires 
business and industry to play vital role for responsible and ethical management of 
products and processes in terms of health, safety and environmental aspects 
(Welford and Jones, 1996). Towards this end, business and industry should 
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increase self-regulation, guided by appropriate codes, charters and initiatives 
integrated into all elements of business planning and decision-making, fostering 
openness and dialogue with employees and the public (UNESA, 1992). 
In traditional approach, a separate department was entrusted the responsibility of 
environmental management. This earmarked department was expected to impress 
upon top management and functional managers the need to incorporate 
environmental measures in their operations. Additionally, the system, focused on 
solving environmental problems, through pollution control or end-of-pipe solutions. 
The primary objective of these approaches was to solve individual operational 
problems inside the organization's physical boundaries. Now, it is believed that 
traditional approaches to environmental management cannot ensure sustainability. 
Corporate environmental management, therefore, needs to move beyond functional 
departmental approach to integrated systems (Welford, 2003). Moving beyond 
functional systems requires the business organizations to change their traditional 
practices and assume greater environmental responsibility. This includes switching 
from inefficient resource use to resource productivity, end-of-pipe technology to 
cleaner production, reactive to proactive approach (UNGC, 2005). 
The integrated approach highlighted above calls for inclusion of internal as well 
external corporate environmental policies. Environmental management systems 
and various ISO certifications provide the starting point to drive environmental 
performance across the enterprise (Zsidisin and Siferd, 2001). Need for 
environmental management was further realized due to competitive pressures, like 
access to markets; increased pressures from stakeholders such as consumers, 
investors, financial agencies, local communities, and employees; environmental 
regulations and the consequent potential for liabilities (Jose, 1996). 
It may also be noted that Environmental Management is linked to the issue of 
Corporate Social Responsibility as well. The term corporate social responsibility 
(CSR) has been in vogue since early 1950s. It is defined as "the obligation to 
pursue those policies, to make those decisions or to follow those lines of action 
which are desirable in terms of objectives and values of our society" (Bowen, 
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1953). It has been noted that businesses that were too concerned with financial 
results, inhibit social and environmental responsiveness (Ackerman, 1975). In the 
1990s, the concept of CSR came to be regarded as a part of corporate governance. 
It was opined that a company should be held accountable for any of its actions that 
affect people, communities and the environment in which those people or 
communities live (Balabanis et al., 1998). The responsibility, therefore, now 
extends beyond merely financial aspects to environmental, social and community 
issues. Corporations should not only be responsible to their shareholders, but also 
toward conservation and protection of the environment as a whole. 
1.4 Manufacturing Operations and Sustainability 
Various organizational functions - be it engineering and design, purchasing, 
operations, human resources, etc. - in some form or the other impact environmental 
sustainability. However, manufacturing and operations are core functions that have 
a profound and direct impact on corporate environmental performance (Sarkis, 
2001a). A number of issues encompass this function such as product design, 
selection of raw materials, manufacturing processes, re-use or recycling of used 
products (Jones and Klassen, 2001). These activities can potentially harm the 
environment, if environmental considerations are ignored in their development and 
deployment. This throws the integration challenge, i.e. challenge of blending 
environmental management into core business processes, tools, decision-making 
and accountability (Schaltegger et ah, 2003). 
Present organizations are faced with challenge of increased competition in the 
international markets and global nature of business operations. Organizations are 
sourcing raw materials and semi-finished and even finished components from 
numerous suppliers and sub-suppliers. Thus, many of today's supply chains are 
longer and complex. Therefore, supply chain management has become vital in 
today's globalized world (Welford, 2002). In such a situation, organizations need 
to take responsibility for the environmental performance of the entire supply chain. 
This presents a new challenge of balancing efforts to reduce costs and innovate 
while maintaining good environmental performance (Pagell et al, 2004). Thus, the 
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management of supply chain is an important element for business to lower its 
environmental and social impacts (Wycherley, 1999), hence a potent area in 
achieving sustainability in manufacturing operations. Additionally, the linkage 
between supply chain activities (vendor assessment, total quality assessment, lean 
supply, collaborative supply strategies, etc.) and environmental management 
approaches (e.g. life cycle analysis, control of air emissions, water and wastewater 
management and product stewardship) need to be run in parallel to each valuable 
environmental management tool (Lamming and Hampson, 1996; UNEP, 2003). 
The United Nations Environmental Programme (UNEP, 2003) also recognized 
supply chain management (SCM) as a key management initiative. It addresses 
environmental impacts across the supply chain. It supports life-cycle thinking, 
which requires suppliers to become aware of the environmental impact of their 
products within the supply chain. All efforts might be expanded to include "a set of 
SCM policies held, actions taken, and relationships formed in response to concerns 
related to the natural environment with regard to the design, acquisition, 
production, distribution, use, reuse, and disposal of the firm's goods and services" 
(Zsidisin and Siferd, 2001). 
1.5 Green Supply Chain Management 
Green supply chain management (GSCM) is considered as a process of integrating 
the environmental concerns, values and thinking into supply chain. It can be 
defined as a phenomenon where environmental innovations diffuse from a 
customer firm to a supplier firm, with environmental innovation defined as being 
either, a product, process, technology or technique developed to reduce 
environmental impact (Hall, 2000). Adding green component to supply-chain 
management involves addressing the influence and relationship between supply-
chain management and natural environment (Srivastava, 2007). Green supply chain 
management is also known as environmental supply chain management (ESCM) or 
SSCM (sustainable supply chain management). It includes green purchasing, green 
manufacturing/ material management, green distribution/ marketing and reverse 
logistics (Hervani et al, 2005). Under its broadest definition, GSCM could also be 
aligned with contemporary environmentalism, which views nature as a 'biotic 
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community' (Beamon, 2005). GSCM is also rooted in the idea of corporate social 
responsibility which calls for and facilitates organizations to make all operations 
and supply chain decisions within the context of environmental concerns. Green 
supply chain management is also an umbrella concept for environmental care 
within supply chains. Figure 1.3 presents a general view of GSCM, where reverse 
logistics closes the loop of a typical forward supply chain and includes reuse, 
remanufacturing, and/or recycling of materials into new materials or other products 
with value in the marketplace. The idea is to eliminate or minimize waste (energy, 
emissions, chemical/ hazardous, solid wastes). This figure typifies a single 
organization's internal supply chain, its major operational elements and their 
linkage to external organizations. A number of environmentally conscious 
practices are evident throughout the supply chain ranging from green design 
(marketing and engineering), green procurement practices (e.g. certifying suppliers, 
purchasing environmental-friendly materials/products), total quality environmental 
management (internal performance measurement, pollution prevention), 
environmentally friendly packaging and transportation, to the various product end-
of-life practices defined by the "/?'s" of: reduction, reuse, remanufacturing, 
recycling, recovering, repairing. Expanding this figure, a number of organizational 
relationships could be found at various stages of this model, including customers 
and their chains, as well as suppliers and their chains, forming webs of 
relationships (Hervani eM/.,2005). 
Some of the important elements of green supply chain management approach are: 
(i) a strategic driven program from customer to supplier containing full integration 
of environmental quality in supply chains (ii) technological innovation in supply 
chains based on environmental issues (iii) awareness in customer-supplier relations 
which can form a basis for sustainability in business and (iv) providing attention to 
material content of products/components and the production processes (Nagel, 
2000). The aim of organizations adopting GSCM practices is to enhance their 
environmental and financial performance, investment recovery and eco-design or 
design for environmental practices (Zhu and Sarkis, 2004). 
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This thesis is focused on integrating environmental concerns in icey business 
processes. Key businesses processes in this thesis are taken to mean icey supply-
chain processes, including product design, procurement, manufacturing processes, 
as well as end-of-life management of products after their useful life. To that extent, 
this study is on green supply chain management. 
1.6 Global Institutional Framework and Environmental Management 
Environmental issues have become an inseparable part of modem businesses. 
Many countries have recognized the importance of environmental management. 
They have established professional as well as regulatory bodies, for e.xample, 
UNEP of United Nations, Environmental Protection Agency (EPA) in the United 
States (US), Responsible Care program developed by the American Chemistry 
Council (ACC), Envirowise in United Kingdom (UK), Central and State Pollution 
Control Boards in India. In early 1990s, better environmental performance was 
driven primarily by international and local regulations. Government policy was 
often considered as the main driver for changes in corporate environmental 
strategies. As a result, the development of environmental legislation is regarded as 
the most important factor influencing the behaviour of industry in the field of the 
environment (Welford and Gouldson, 1993). In the late 1990s, businesses started 
to respond to some of the environmental challenges. The driving force for 
implementing the environmental segment into company operations ranged from 
reactive regulatory reasons to proactive strategic and competitive advantage 
reasons (Sarkis, 1999). Further, the supply chain pressure from large companies 
played a significant role as this initiated a multiplier effect where small suppliers 
responded to environmental issues in order to maintain their contracts with large 
customers (Ytterhus et al., 1999). 
1.7 Green Supply Chain Management Practices in India 
Global interest in environmental issues is percolating in India as well. There has 
been growing interest over environmental issues in the past few years in India. The 
Narmada Bachao Andolan (Save Narmada Campaign), the campaign against 
Enron project, Ganges Action Plan, ban on use of plastic bags, implementation of 
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Euro norms for automobiles, use of CNG fuel instead of traditional fuel in public 
vehicles in metros like Delhi, Mumbai, and Hyderabad, Supreme Court judgments 
relating to environmental issues are examples of growing environmental concerns 
in the country. 
Water, air and soil pollution, depletion of natural resources due to the industrial 
activities and deforestation have become real issues in India. The other 
environmental problems faced by the country include depletion of energy sources, 
intensive cultivation of fields, population pressure and urbanization, poor 
management of waste, loss of biodiversity and a high incidence of a variety of 
diseases and health hazards (Jain and Kaur, 2004). This is despite the fact that 
India has enacted a number of legislations, policies and institution to protect and 
manage its natural resources. Even a voluntary green labeling scheme ECOMARK, 
has been launched to apprise consumers about the eco-friendliness of products. 
Some steps have also been initiated necessitating manufacturing organizations to 
report their environmental performance publicly. Corporate recognition of supply 
chain is also rapidly growing in Indian industries (Sahay et at., 2003). But, the 
need for integrating environmental concerns in the SCM has not been so well 
appreciated by Indian industry as yet, notwithstanding the developments sighted 
above. 
Liberalization, resulted in a quantum leap in economic growth, which was reflected 
in the Indian industries (Sahay et al, 2003), putting further demand for 
improvement in the environmental performance of the industries. Green supply 
chain management practices in India assume great relevance in this context. By 
proper adoption and implementation of GSCM programs, companies could shift 
their focus towards sustainable development. This shall ensure economic 
development in an environmentally responsible manner. To demonstrate their 
concerns for the environment, some companies have already initiated steps towards 
adopting ISO 14000 environmental management practices and certification. Thus, 
GSCM is an issue which holds great relevance for the Indian companies. 
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1.8 Motivation for Research 
In recent times, organizations have started recognizing the strategic importance of 
environmental management. Governmental regulations, market competition and 
consumer awareness, etc. have forced companies to initiate actions to reduce 
hazardous material, take back their used/ defective products, minimize energy 
usage, etc. (Grenchus et al., 2001). There is growing demand for green products 
and processes from the consumers and other stakeholders. Energy and 
environmental issues are two major areas for future research in Operations 
Management (Buffa, 1980). Today environment related issues are still largely on 
the list of potential or future research for most operations researchers and 
practitioners (Handfield and Nichols, 2006). 
Following developments indicate growing awareness towards environmental 
concerns and need for greening of business processes in the current industrial 
scenario. 
• There are more than 35 journals that have reported studies on various issues 
related to GSCM, environmental management and operations and supply 
chain management. For example. Supply Chain Management: An 
International Journal, International Journal of Operations & Production 
Management, Business Horizons, Journal of International Management 
Studies, Academy of Management Journal, International Journal of 
Production Research, International Journal of Management Reviews, 
International Journal of Physical Distribution and Logistics Management, 
Internal Journal of Logistics Systems and Management, Business Strategy 
and Environment, Benchmarking: An International Journal etc. 
• There are journals like, Journal of Cleaner Production, Greener 
Management International, International Journal of Environmental Science 
and Technology etc, which are extensively and exclusively covering 
various issues related to environmental management and GSCM. 
• Conferences, workshops and seminars are being organized globally to 
address the environmental concerns. 
13 
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• All over the world, companies are streamlining their business operations, 
specifically supply chains, and improving their environmental performance. 
• Companies are integrating environment dimensions in their business 
processes in order to become lean and green. 
This research aims to integrate environmental concerns in business processes, 
primarily the supply chain processes. This is expected to ensure productivity and 
welfare of the society, contributing to sustainable development. Integration is the 
main theme of this research. From the interdisciplinary perspective, the research 
bridges Operations and Supply Chain Management and Environment Management 
in order to balance a variety of corporate objectives such as profitability, 
productivity and waste management. From cross functional perspective, the 
research attempts to bring together different functional fields like product design, 
procurement, manufacturing and reverse logistics. It is believed that an 
interdisciplinary, cross-flinctional perspective can help develop effective strategies 
that balance, economic and environmental costs. It shall contribute to long term 
betterment of industry and society as a well. 
1.9 Scope of the Study 
This study aims to integrate environmental concerns in the key business processes 
of manufacturing sector in India. In this study, the following key business 
processes have been focused upon: 
• Product development, 
• Procurement/ purchasing, 
• Manufacturing, 
• Reverse logistics (End-of-life management of product) 
• Performance evaluation (from environmental perspective) 
• Other miscellaneous/related management practices (like employee training, 
performance evaluation, goal setting etc.) that ensures environmental 
friendly enterprise. 
These business processes are primarily part of the supply chain processes of a 
manufacturing enterprise. Supply chain, as we know, is the network of facilities 
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and activities that performs the functions of product development, procurement of 
materials from vendors, movement of materials among facilities, manufacturing of 
products, and distribution of finished goods to customers, after-sales support, and 
waste disposal (Marbert and Venkataramanan, 1998; Swaminathan and Tayur, 
2003). Adding the green component to supply-chain management calls for 
blending supply-chain management and natural environment (Srivastava, 2007). 
Therefore, it may be noted that green business practices have been used as an 
umbrella term, which indicates an environmental friendly approach among 
business organizations in general, and manufacturing organizations, in particular 
(as this study is focused on this particular sector of the Indian economy). 
To reiterate, for the purpose this study, key business processes would include 
major supply chain management processes mentioned above. As this study focuses 
on integrating environmental concerns in the key business processes of 
manufacturing sector in India, the primary focus would be to understand green 
supply chain management (GSCM) practices. Therefore, in this study 'integrating 
environmental concerns in key business processes' may be taken to mean GSCM 
practices. Also, the term green may be taken to imply environmental friendliness 
wherever used in conjunction with business processes and/ or practices. 
1.10 Research Objectives 
The main objectives of this research are: 
<• To assess the current state of environmental concerns in Indian 
manufacturing sector. 
• To gain an insight into the current state of GSCM practices in targeted 
companies. 
••• To explore differences, if any, with regard to GSCM practices across varied 
industrial sectors and nature of industrial enterprise. 
••• To identify barriers and enablers impacting implementation of GSCM. 
• To propose models by crystallizing relationships and driving power & 
dependence of the barriers and enablers. 
15 
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• To ascertain validity of a conceptual model interlinking environmental 
concerns, barriers, enablers, GSCM practices and performance 
(environmental, competitive and economic). 
1.11 Research Strategy 
Following research techniques have been employed in this research: 
• Questionnaire-based survey: Questionnaire-based survey is an established 
approach to obtain respondents' opinion on range of issues related to a 
research problem. In the present research this is used to gain an insight, in 
terms of breadth as well as depth, regarding environmental practices/ green 
business practices in Indian companies. 
• Interpretive Structural Modeling (ISM): This methodology transforms 
unclear, poorly articulated mental models of systems into visible and well 
defined models. In this technique, a set of different directly and indirectly 
related elements are structured into a comprehensive model. In this study, 
this methodology has been used for establishing driving power and 
dependence of barriers and enablers impacting adoption and 
implementation of green supply chain practices. 
• Structural Equation Modeling (SEM): It is an analytical method that 
provides parameter estimates of direct and indirect links between observed 
and unobserved variables. This method estimates a series of separate but 
interdependent multiple regression equations simultaneously. It has a 
unique feature of being able to include variables that are not measured 
directly and thus called unobserved or latent constructs. This technique has 
been used to quantify relationship between dependent and independent 
variables related to: barriers, enablers, environmental concerns, some 
GSCM practices, environmental, competitiveness and economic 
performance. 
1.12 Organization of Research 
The organization of this thesis is depicted in Figure 1.4. The study is divided in 
eight chapters. 
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Chapter 1 contains an introduction to the research. It addresses issues like, 
sustainable development, environmental management, manufacturing operations, 
and 'green supply chain management'. The importance of integration of 
environmental management and supply chain management and their relevance in 
present industrial environment has been discussed in this chapter. The scope of this 
research has also been explained. Motivation for the research and objectives of the 
present work are enlisted. This chapter describes, in brief, methodologies used and 
an overview of chapterisation scheme of this research. 
Chapter 2 reviews literature on relevant aspects of this research. Contributions of 
various researchers on broad environmental issues as also on specific issues such 
as product development, purchasing/procurement, manufacturing, reverse logistics, 
performance evaluation and some other management practices (e.g. marketing) 
have been highlighted. After literature review, the gaps in contemporary research 
have been identified. These gaps, then, have helped crystallize the problem 
statement for this research work. 
Chapter 3 details out the problem statement, scope of the study, research 
objectives, formulation of hypotheses, research design, development of conceptual 
model, questionnaire development and its administration. In addition, this chapter 
provides brief description on the research strategy, pattern of analysis employed 
and the limitations of the study. 
Chapter 4 reports the findings of the questionnaire-based survey. The 
questionnaire was administered in three sectors, namely automobile, electrical & 
electronics and chemical & paint. The observations and results of the survey and 
respondents' profile have been reported in this chapter. Results of non-response 
bias test, reliability analysis and descriptive statistics are also presented in this 
chapter. 
Chapter 5 presents the test results of the formulated hypotheses. Key results in 
respect of three groups of hypotheses are reported. The first set focuses on 
establishing relationship among varied green business practices. The second set of 
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hypotheses focuses on similarities/dissimilarities with regard to select green 
practices across selected industrial sectors as also varied type of enterprises like, 
OEM & suppliers, listed and non-listed companies and their scale of operation 
(SMEs and Large enterprises). The third set establishes relationship between and 
among two factors that are expected to drive one another. In the end a summarized 
table is also included, which gives a bird's eye view of the test results. 
Chapter 6 covers the analysis carried out using ISM technique to crystallize 
understanding in respect of barriers and enablers. Based on literature review, 
survey results and discussion with experts, top 15 barriers and another top 15 
enablers impacting integration of environmental concerns in key business 
processes have been identified. These barriers and enablers have been modeled 
using Interpretive Structural Modeling to provide a framework for the effective 
deployment of management strategies towards greening the supply chains. On 
basis of driving power and dependence, these barriers and enablers are further 
categorized as autonomous, dependent, linkage and independent. Managerial 
implications of the results of these two ISM-based models are discussed in this 
chapter. 
In Chapter 7 a conceptual model crystallized earlier (presented in chapter 3) has 
been tested for its validity using Structural Equation Modeling technique. This 
research study has helped ascertain key environmental concerns, potent barriers, 
driving enablers, state of adoption of green business practices etc. Further, it 
helped understand key environmental, competitive and economic performance 
indicators. It was imperative a conceptual model is evolved interlinking key issues 
that have been explored in this study. The same was attempted and the model so 
developed has been tested for its validity using SEM technique. This chapter, 
records observations on the aspects detailed out above. 
Chapter 8 presents key research findings. Major implications of this research have 
also been discussed in this chapter. The chapter concludes with the directions for 
future research efforts. 
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Figure 1.4: Chapter-wise Plan of the Thesis 
Chapter 1 
Chapter 2 
Chapter 3 
Chapter 4 
Chapter 5 
Chapter 6 
Chapter 7 
Chapter 8 
Introduction 
Literature Review 
Research Methodology 
Survey Findings 
Hypotheses Testing 
Developing ISM-based Models 
Validating Conceptual Model 
Key Findings, Implications and Future Directions 
1.13. Chapter Summary 
The transition of a society from an agricultural to an industrial one is accompanied 
by increasing exploitation of scarce resources and destruction of the natural 
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environment at an alarming rate. The environment, therefore, suffers at the expense 
of economic growth. Environmental pollution occurs at various stages of the 
production and consumption of goods and services. Current state of environmental 
quality has made manufacturing companies to realize the importance of 
environmental responsiveness from regulatory, economic, competitive, social, and 
sustainability perspectives. In today's industrial scenario, greening of 
manufacturing operations is a potent mechanism for gaining competitive advantage 
for organizations along with demonstrating their sincere commitment to 
sustainability. However, designing and implementing this initiative is a challenging 
task. This calls for transition from the traditional system, in which environment is 
considered as silent stakeholder. There is a need to integrate environmental 
concerns in the supply chains and related business processes. This study aims to 
identify and analyze the various barriers and enablers to incorporation of 
environmental consciousness among key business operations of manufacturing 
enterprises in India. In a nut shell this study is on Green Supply Chain 
Management practices in Indian manufacturing sector. In the next chapter we 
present the literature review in this area. 
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2.1 Introduction 
2.2 Studies on Environmental Management 
2.2.1 Governmental Role 
2.2.1.1 Eco-labeling 
2.2.2 Studies on Environmental Strategies 
2.2.3 Studies on Environmental Management System 
2.2.4 Studies on Environmental Technologies 
2.3 Studies on Manufacturing Organisations 
2.4 Studies on Integrating Environmental Concerns in Key Business Processes 
2.4.1 Product Development 
2.4.2 Purchasing 
2.4.3 Manufacturing 
2.4.4 Reverse Logistics 
2.4.5 Studies on Environmental Performance Measurement 
2.4.5.1 Organizational Performance 
2.4.6 Other Management Practices 
2.5 Gaps in Existing Literature 
2.6 Chapter Summary 
Chapter 2 
Literature Review 
2.1 Introduction 
This literature review primarily has three sections. First, a review of studies under 
broad themes such as governmental role, environmental strategies, and 
environmental technologies has been presented. Thereafter, a review of studies on 
manufacturing organizations has been carried out. Issues related to their greening 
have specifically been perused. Later, we have reviewed literature on key business 
processes. In this section we have specifically focused on those processes that have 
greater relevance to greening of manufacturing organizations. Based on the 
literature survey an attempt is made to identify the research gaps, which, then has 
become the basis for this research. 
2.2 Studies on Environmental Management 
2.2.1 Governmental Role 
Environmental laws and regulations are an important framework, within which the 
companies must operate. These are also important means to introduce sustainable 
development and cleaner production methods within a society. Min and Galle 
(1997) posed a question "Do state and central regulations significantly influence 
green purchasing efforts?" In this survey, respondents (purchasing managers) 
answered in affirmative. Rickman (1994) found that these issues are greatly 
influenced by the issues such as how major organizations select and purchase 
products, variety of factors related to regulatory compliance, the processes being 
adopted, markets the organization caters to, countries where the organization is 
based, geographical and geological setting of the premises. Sarkis (1999) proposed 
that governments can use procurement as an instrument of environmental policy 
and can initiate green purchasing initiatives at all levels of government. He further 
suggested that government purchases provide an earlier and larger market for green 
products and allow firms to lower costs through scale economies and leaming-by-
doing. 
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Soon after the Stockholm Conference on Human Environment in 1972, India 
developed its own environmental control systems, laws and policies. Jain and Kaur 
(2004) record that the first modem environmental law passed in India was Water 
(Prevention and Control of Pollution) Act of 1974, which provided for the 
establishment of the Central and State Pollution Control Boards to deal with water 
related pollution problems. Saklani (1989) report that it was followed by the 
enactment of many other acts such as the Air (Prevention and Control of Pollution) 
Act of 1981 and the Environment Protection Act of 1986. Subsequently, in 
response to growing worldwide concern regarding the state of environment, 
including pollution and resource conservation. Government of India has enacted 
various environmental legislations. Some of them are presented in Table 2.1. 
Table 2.1: Environmental Legislations in India (in chronological order) 
S.No. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Legislation 
The Water (Prevention & Control of Pollution) Act, 1974 Amendments, 
1988 
The Water (Prevention & Control of Pollution) Cess Act, 1977 
Amendments, 2003 
The Air (Prevention & Control of Pollution) Act, 1981 Amendments, 
1987 
The Environmental (Protection) Act, 1986 
The Motor Vehicle Act 1988 & Rules 1989 
The Hazardous Waste (Management & Handling) Rules, 1989 
Amendments, 2000, 2003 
Manufacture, Storage & Import of Hazardous Chemical Rules, 1989 
Amendments, 2004 
Manufacture, Use, Import, Export and Storage of Hazardous Micro 
Organisms, Genetically Engineered Organisms or Cells Rules, 1989 
The Public Liability Insurance Act, 1991 
The National Environment Tribunal Act, 1995 
The Bio- Medical Wastages (Management & Handling) Rules, 1998 
Re-cycled Plastics Manufacture and Usage Rules, 1999 
Noise Pollution (Regulation and Control) Rules, 2000 
Ozone Depleting Substances (Regulation and Control) Rules, 2000 
Delhi Plastic Bag (Manufacture, Sales And Usage) and Non-
Biodegradable Garbage (Control) Act, 2000. 
Batteries (Management & Handling) Rules, 2001 
DG- set Noise Rules, 2002 
Source: Prepared by the Researcher 
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Besides these legislations, the Supreme Court of India has also, from time to time, 
pronounced judgments to protect the citizens' right to a healthy and natural 
environment, as enshrined in Article 21 of the Constitution of India. Jain and Kaur 
(2004) has summarized major court rulings for protecting biodiversity, combating 
environmental and health hazards in India as listed in Table 2.2. 
Table 2.2: Supreme Court Judgments on Environment 
Year 
1985 
1987 
1988 
1994 
1996 
1996 
1996 
1996 
1997 
1998 
1999 
1999 
Court Rulings 
In the country's first such environmental case, the Supreme Court ordered 
closure of limestone quarries in Mussoorie. 
The concept of strict and absolute liability was defined in the Shriram 
Foods and Fertiliser industries Ltd. case. "An enterprise which poses a 
potential threat to the health and safety of persons working in the factory 
and residing in the surrounding areas owes an absolute and non delegable 
duty to the community to ensure that no harm results to anyone on 
account of hazardous or inherently dangerous nature of the activity which 
it has undertaken," said the Supreme Court judgement. 
Tanneries without effluent treatment were ordered to be closed down in 
Kanpur. 
Industrial and construction activity was banned on the Aravalli hills. 
Supreme Court ordered closure of aquaculture /shrimp culture industries 
within the coastal regulation zone (CRZ) as defined in the CRZ 
notification. 
Nearly 300 industries close to Taj Mahal, Agra, directed by the Supreme 
Court to change over to natural gas or face closure. 
Supreme Court ordered closure of lead smelting units in Delhi and 
banned the operation of this toxic industry in the capital 
Supreme Court ordered the closure and relocation of hazardous, heavy 
and large industries from the national capital region. 
Supreme Court banned the import of hazardous waste material. 
Supreme Court upholds the decision of the Chennai High Court's green 
bench to order the closure of dyeing units in Tirupur for not completing 
the setting up of effluent treatment plants. 
Supreme Court asked the central government to set up a mechanism by 
which the Wildlife Protection Act could be effectively enforced. 
Supreme Court banned the registration of private non-commercial 
vehicles in the National Capital Region not conforming to EURO-I and 
EURO-II emission norms. 
Source: Adapted from Jain and Kaur (2004) 
Karshenas (1992) observed that since the enforcement of the laws is carried out 
largely through sanctions-based strategies of compulsion and coercion, these laws 
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have not been able to bring about necessary attitudinal changes among the 
industrial units and the public. Further, Jain and Kaur (2004) argued that 
manufacturers resort to green processing or packaging to the extent it is required 
under the laws, and do not hesitate in polluting or degrading the environment 
where the laws are silent or where a strict monitoring of the implementation of 
laws is lacking. However, effective integration of environmental concerns in 
business processes and implementation of GSCM programs and policies requires 
involvement of the firms out of their genuine concern for the environment and not 
only out of compulsions to abide by environmental laws. Scott (1998), based on 
the review of the environmental impact of small-scale enterprises in developing 
countries, has suggested that reliance on the enforcement of any statutory 
regulations and standards to control and reduce environmental damage may not be 
the solution. • 
2.2.1.1 Eco-labeling 
Eco-labeling is another regulatory scheme supported by government that 
encourages a cradle-to-grave approach. These schemes may have some potential 
for aiding buyers identify organizations, materials and products that are green, thus 
lessening the need for certification of suppliers, etc. Various countries have their 
own specific labeling schemes such as EU Ecolabel for the European Union, Blue 
Angel and Green Dot in Germany and Ecomark in India and Japan. 
In order to increase consumer awareness and promote the use of eco-friendly 
products in the country, the Government of India has launched the eco-labeling 
scheme, known as 'Scheme of Labeling of Environment Friendly Products' (ECO-
MARKS) in 1991. An earthen pot has been chosen as the logo for the 'Ecomark' 
scheme in India. Jain and Kaur (2004) have reported that this scheme aims to 
provide an incentive for manufacturers and importers to reduce adverse 
environmental impact of products; reward genuine initiatives by companies to 
reduce adverse environmental impact of their products; assist consumers to 
become environmentally responsible in their daily lives by providing information 
that would take account of environmental factors in their purchase decisions; 
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encourage citizens to purchase products wliich have less harmful environmental 
impacts; improve the quality of the environment and encourage the sustainable 
management of resources. Loprieno (1997) has stated that eco-labeling systems are 
meant to help consumers identify environmental benign products. He has further 
reported that some countries are looking at these proposals as de-facto 
environmental policy setting tools. Williams (1996) argued that the development of 
industry or even product certification for eco-labeling purposes is difficult due to 
the subjectivity of much of the criteria. 
2.2.2 Studies on Environmental Strategies 
World Commission on Environment and Development (1987) defined sustainable 
development is that which meets the needs of the present without compromising 
the ability of fliture generations to meet their own needs. Shrivastava (1995a) 
suggested that from a corporate point of view, sustainability entails fitting 
organisational systems and strategies into the broader social and ecological 
systems. Several authors (Schmidheiny, 1992; Porter and van Linde 1995) have 
emphasized the need on the part of organizations to accept sustainability as the top 
objective and integrate their operations activities with environmental requirements. 
Jennings and Zandbergen (1995) have pointed out that sustainability is achieved 
when resource extraction (of energy and natural resources) from the ecological 
system occurs within the carrying capacity of the resource base, and when waste 
transfer to the physical components of the ecological systems does not exceed the 
assimilative capacity of the particular ecosystems. Many authors (Azzone, et al, 
1997; Shrivastava and Hart, 1995; Starik, et al, 1996) argued that corporate 
environmental programs work best when they are part of a strategic program and 
vision. Bansal and Roth (2000) have identified factors such as stakeholder pressure, 
economic opportunities and ethical motives that have led the firms to deploy 
environmental strategies. 
Some authors (Schmidheiny, 1992; Klassen, 1993; Shrivastava, 1995b) have 
argued that the sustainability of economic development is a shared responsibility of 
entrepreneurs, governments and consumers. Also, other authors (Hawken, 1993; 
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Shrivastava, 1995b) have advocated for the significance of corporate role in 
slowing down the planet's environmental degradation. Schmidheiny (1992) 
proposed together with financial resources, technological knowledge and 
institutional capability, companies need to develop long-term vision and strategies 
to find ecological solutions for environmental problems. Angell (1993) suggested 
that including environmental performance as strategic objective can be the first 
step towards developing an environmentally sustainable strategy. In this way, 
operations management would support the organisation's competitive edge 
improving environmental performance, as well as the traditional objectives of cost, 
quality, delivery and service. 
Hoffman (2000) has suggested two different perspectives that can help in tackling 
environmental problems. The traditional approach focuses on observing of 
environmental legislation as the firms' sole responsibility. Whereas the second 
approach, which is related to environmental sustainability, implies that managers 
must accept that the firm's overall strategy and environmental questions inevitably 
go hand in hand. Kopicki et al. (1993) have introduced three approaches to 
environmental management: reactive, proactive and value-seeking approach. 
Value-seeking approach is one in which companies integrate environmental 
activities into their business strategy thereby reducing the impact on the 
environment as a strategic initiative. Van Hoek (1999) has presented a 
categorization of green approaches and suggests value-seeking approach as the 
most relevant for greening of the entire supply chain. 
Hart (1995) has identified three inter-related strategies that may help improve the 
firm's competitiveness based on environmental aspects including pollution 
prevention, product stewardship and sustainable development. He pointed out that 
the first is aimed towards processes and the second, more towards products. He 
also pointed out that all these three environmental strategies have certain logic. 
Without pollution prevention, a product stewardship strategy can hardly be adopted. 
Eventually, sustainable development cannot be achieved without prior proof of 
product stewardship competence. He also noted that innovation, which is an 
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operations area capability, allow firms to adopt environmental capabilities such as 
pollution prevention and product stewardship. 
Hanna et al. (2000) recognized the relationship of environmental capabilities and 
the capabilities derived from the human resource system, the TQM capabilities and 
the development of a shared view. Sharma and Vredenburg (1998) identified other 
capabilities such as stakeholder interaction and high-level learning that provide 
support and, at the same time, are reinforced by the firm's environmental 
responsiveness. Based on empirical findings, Winsemius and Guntram (1992) 
defined four stages of environmental awareness as follows: 
• Reactive: environmental management is a staff-level function. Goal is legal 
compliance. 
• Receptive: environmental management is a line-level function. Goal is 
optimization of existing conditions, Including some process redesign. 
• Constructive: cradle-to-grave approach to products, and acceptance of 
responsibility for products even after their sale. Renewed co-operation with 
suppliers, customers and competitors and striving for technological or 
organizational breakthroughs. 
• Proactive: management incorporates environmental challenge as an element of 
quality management, and goal of zero emissions. 
Jimenez and Lorente (2001) studied the complex interaction between resources and 
operations system capabilities, including environmental management. They 
suggested that operations-based environmental advantages make the organizational 
systems more robust and particularly suitable for supporting both the firm's 
competitive strategy and its environmental sustainability. James et al. (1999) 
proposed a conceptual model, as illustrated in Figure 2.1, which provide 
framework for the development of environmental strategies based on external, 
mediating and moderating factors. They argued that along with fairly well 
recognised external factors, there are wide variety of internal cultural and 
capability linked factors, which dynamically act to determine the nature of 
corporate environmental policy. 
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Figure 2,1: A Model for Development of Environmental Strategies 
Mediating Factors 
Leadership-
• Style 
• Commitment 
• Concern 
Objectives 
Corporate Tradition 
Corporate Ethics 
External Factors Decision - Making 
Process 
Environmental 
Strategies 
• Market Behavior 
• Legal - Regulatory Influences 
• Social Expectation 
Moderating Factors 
• Technology 
• Opportunity Cost Assessment 
• Human Resource Availability 
• Capital Availability 
• Organizational Adaptability 
Source : Adapted from James et al. (1999) 
2.2.3 Studies on Environmental Management System 
Florida (1996) has reported that over the last decade, companies have been striving 
to achieve competitive and market advantage by implementing various 
management systems and standards. EMS is a part of an organisation's overall 
management structure and system which aims to address the immediate and long-
term impact of its products, services and processes on the environment. As per 
Hemenway (1995), EMS provides order and consistency in organisations' 
methodologies through the allocation of resources, assignment of responsibilities 
and continuous evaluation of practices, procedures and processes. Sarkis (1999) 
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has pointed out that a third party certification to the environmental management 
system is one approach for enabling green supply chain development. Tibor and 
Feldman (1996) have provided a detailed description and framework of the ISO 
14000 series of standards. They have grouped this series to include elements in 
organization evaluation and product/process evaluation. 
Kuhre (1995) have reported that the ISO 14001 is an EMS standard that includes 
policies, organizational systems, management, planning, operational procedures, 
effect and regulatory identification procedures, objectives, targets, vendor controls, 
auditing, record keeping, etc. Kitazawa and Sarkis (2000) have opined that for ISO: 
14001 certification, to the companies are required to reduce the use of hazardous 
materials and adopt such processes that ensure minimization of waste and efficient 
waste management. Studies conducted by researchers (Chandrashekar et al, 1999; 
Nattrass and Altomare, 1999; Damall et al, 2000; Hanna et al, 2000; Daily and 
Huang, 2001) have found that adoption of ISO 14001 provides numerous tangible 
and intangible benefits to organizations. They reported some of these benefits such 
as: cost reductions and savings; improved communication; reduction in fines; 
improved corporate image and improvement in operational processes. 
Based on the literature review Chin et al. (1999) indicated that management 
attitude, organizational change, external and social aspects, as well as technical 
aspects are the essential factors to implement an ISO 14000- based EMS in 
companies. Each of these four dimensions focuses on strategic factors, which are 
defined in terms of various operational attributes, as shown in Table 2.3. 
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Table 2.3: Success Factors for ISO 14000 Implementation 
Strategic issues Attributes 
1. Management attitude 
Top management commitment and support 
Appropriate environmental policy 
Regular management reviews 
2. Organizational change 
Structure and responsibility 
Training and awareness 
Communication 
Documentation and control 
Emergency preparedness 
3. External and social aspects Environmental legislation 
Market pressure 
Employee relations 
Environmental specialist assistance 
Monitoring and measuring equipment 
Production process enhancement 
4. Technical aspects 
Source: Chin et at. (1999) 
Kitazawa and Sarkis (2000) have suggested that for the success of environmental 
management systems in ensuring waste minimization and source reduction, 
significant employee support is essential. Cascio et al. (1996) and Lord (1997) 
have suggested that certification to ISO: 14001 does not assure fulfillment of 
environmental obligation, however, it is believed to increase assurance regarding 
compliance with environmental regulations and to enhance competitive advantage 
in the local and international markets. Cascio et al. (1996) stated that, in general, 
certification to ISO: 14001 can be seen as a partial indicator of environmental 
performance. 
2.2.4 Studies on Environmental Technologies 
The development and installation of environmental technologies provide one 
mechanism for achieving improved environmental performance at the operations 
level. Many authors (Klassen and Whybark, 1999; OECD, 1995; Shrivastava, 
1995a) have defined environmental technologies as any production equipment, 
methods, practices, product designs and delivery systems that limit or reduce the 
negative impacts of products or services on the natural environment. Klassen and 
Whybark (1999) have provided a general classification of pollution prevention 
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technologies and pollution control technologies on two major aspects. First, while 
the acquisition of most pollution control technologies involves the addition of new 
equipment or facility to treat environmental wastes after the production process is 
completed, whereas the implementation of pollution prevention technologies is 
much more knowledge or idea oriented, which usually involves improving and 
modifying the operations and management procedures of the existing system. 
Second, in terms of the nature of innovation, pollution prevention technology can 
be classified as preventive innovation and pollution control technologies as 
reactive ones. Clift and Longley (1996) used the terms clean-up technology and 
clean technology to differentiate between the end-of-pipe control and pollution 
prevention technologies. 
Hart (1995) and Russo & Fouts (1997) have reported the differences between 
pollution control and pollution prevention technologies. The former assumes that 
environmental goals are incorporated after taking other objectives into account, 
whereas, the later implies including environmental issues at the beginning of the 
planning process. Klassen and Whybark (1999a) found that pollution prevention 
has a positive statistically significant relationship with the operations objectives of 
cost, speed and flexibility. However, pollution control has a significant negative 
effect on cost, speed and flexibility objectives. 
Hampson and Johnson (1996) have suggested that production efficiency can be 
significantly enhanced through the use of cleaner technologies, process innovation, 
and waste reduction. Azzone and Bertele (1994) and Shrivastava, (1995a) have 
emphasized the need to take the operations area into account in the development 
and implementation of environmental technologies. Sarkis (1995b) has observed 
that product and process technologies makeup the basic parameters of cost and 
ecological impact. He also pointed out that these technologies determine the types 
of raw materials to be used, workers' health and safety, ecological risk, materials 
efficiency, waste generated and disposal treatment. Klassen (2000) based of his 
empirical study of Canadian industries identified some specific barriers to 
pollution prevention technologies and grouped them under five broad headings: 
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technological capabilities and risk associated with pollution prevention 
organizational structures and managerial attitudes; 
workforce-related concerns; 
public policies; and 
financial constraints. 
2.3 Studies on Manufacturing Organisations 
Worldwide, there is growing interest in the environmental responsiveness of 
manufacturing enterprises. A number of studies have been undertaken on various 
aspects of manufacturing operations from environmental perspectives. This section 
reviews literature addressing environmental issues in the context of business and 
manufacturing operations. 
Manufacturing organizations are key agents of economic progress. Owing to 
regulatory, economic, competitive or ethical pressures, environmental performance 
is emerging as an integral goal of manufacturing organizations. Several researchers 
have studied various facets of manufacturing operations that have important 
implications for the state of the natural environment. Klassen (2000) suggested that 
design of the product, selection and extraction of raw materials, operation of the 
manufacturing process, delivery of the product or service, and availability and use 
of technology and business process for reuse or recycle of products - all have 
ramifications for the level and rate of environmental degradation. Sarkis (2001) has 
identified various external natural environmental pressures affecting the 
manufacturing organization and also practices that are available to organizations as 
depicted in Figure 2.2. He further suggested that the influence of the practices and 
pressures are not tied to any one specific organizational level, function, or 
operational activity but there are various overlaps in their influence on the 
organization. 
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Figure 2.2: Manufacturing Organization Functions and Environmental 
Influences 
External •< 
Environmental 
Demands 
Eco- Centrism ~~^ /-'' ^Regulations ~ \ (^p^ 
\ 
Product Stewardship 
Industrial Eco-Systems 
\ 
Strategic 
Elements 
OperationaK 
Elements 
Support •< 
Elements 
Organizational Strategy 
Manufacturing Strategy 
R&D/ Engineering 
Process Design 
Product Design 
Planning and Control (Systems and Measurements) 
Procurement and 
Acquisition 
Storage and 
Inventory 
Fabrication and 
Assembly Logistics 
Information Systems 
Marketing 
Accounting/ Finance 
Human Resources 
Environmenta{( 
Practices 
t t ( Design for EnvlronmerCs, z' Total Quality EnvironmentaT^N / Green Supply Disassembly, etc y \ Management J \ Chains 
1 
^ Environmental Perfornian^s. 
Measurement I ( ISO 14000 j C Life Cycle Analysis ) 
Source: Adapted from Sarkis (2001) 
Manufacturing firms that wish to improve the environmental performance of their 
products, processes and systems are faced with a complex task of designing 
products and business processes that conserve environment. Product design and 
material selection is influenced by the process capabilities as well as end-of-life 
disposition requirements and preferences. Thus, manufacturing supply chains 
require integration of innumerable decisions. Each decision has distinct economic 
and environmental implications. Integrating environmental concerns in key 
business processes can assist companies to become more sustainable. By 
improving environmental performance, the overall corporate image improves, thus 
enhancing its green image. Bhat (1996) categorized corporations into red, yellow, 
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and green based on their environmental stewardship (Table 2.4). Florida and 
Davison (2001) surveyed 580 manufacturing plants in the US adopting cleaner 
production techniques. 
Table 2.4: Characteristics of Red, Yellow, and Green Corporations 
s. 
No. 
1. 
2. 
3. . 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Features 
Management 
approach 
Time horizon 
Top Management 
involvement 
Organization 
Manager responsible 
for environment 
Company policy 
Driving force 
Strategy 
Pollution -
reduction techniques 
Public relations 
Supplier selection 
Training 
Management style 
R&D 
Use of resources 
Communication 
Green performance 
Reward system 
Technology 
Red 
Problem solving 
Short term 
Nonexistent 
Unit operation 
Legal department 
Nonexistent 
Laws and 
regulations 
Cure 
Treatment, land 
filling and 
incineration 
Respond to 
accidents 
Only price 
Nonexistent 
Paternal 
Nonexistent 
Ineffective 
Top - down 
Violations, permit, 
denials, discharges, 
spills 
Blame for 
violations and 
accidents 
Compliance 
oriented 
Yellow 
Problem preventing 
Medium term 
Not wholehearted 
Plant 
Plant or legal 
department 
Not well written 
Cost of compliance 
Prevention 
Recycling and 
better 
housekeeping 
Respond to 
accidents 
Price and selected 
green factors 
Not well organized 
Somewhat paternal 
Compliance-
oriented 
Somewhat effective 
Mostly top- down 
Amount of waste 
reduced, disposal 
costs 
Blame for 
violations and 
small reward for 
compliance 
Reduced 
compliance cost on 
products and 
services 
Green 
Opportunity seeking 
Long term 
Intense and continuous 
Involvement 
Companywide 
Chief Executive 
Officer 
Comprehensive 
Opportunities 
Prevention 
Source reduction and 
housekeeping 
Systematic and well-
organized 
Price and selected 
green factors 
Lifelong and 
systematic 
Egalitarian 
Focused on new 
opportunities 
Efficient and effective 
Two way 
Cradle to grave audits, 
life - cycle 
assessments, 
benchmarking 
Green performance 
major factor 
Continuous integration 
Source: Adapted from Bhat (1996) 
34 
Chapter 2 Literature Review 
Their research revealed that green corporations are innovative in their 
environmental practices, and these strategies emerge from a real commitment 
towards reducing waste and pollution. Khandwalla (2008) suggested that 
strategically, green corporations can make significant contribution to sustainable 
development. 
Zhu and Sarkis (2004) viewed SCM as a form of strategic management, which can 
offer ample opportunities for improvement in environmental aspects such as waste 
reduction and environmental innovation. Morton et al. (2001) opined that 
multinationals view integrating environmental management into SCM as part of 
their wider set of business values. 
Greening of supply chains is critical for the successful implementation of industrial 
ecosystems and industrial ecology. In fact, Bloemhof-Ruward et al. (1995) argued 
that wastes and emissions caused by supply chains have become the main cause of 
environmental problems, including global warming and acid rain. Many 
researchers have explored reasons, organizations have for implementing 
environmental friendly policies and practices, from reactive- regulatory reasons to 
one that are proactive and competitive advantage oriented. 
2.4 Studies on Integrating Environmental Concerns in Key Business Processes 
In this section, review of literature related to the key business processes is 
presented. These key business processes include 
• Product development 
• Purchasing, 
• Manufacturing, 
• Reverse logistics. 
• Environmental performance evaluation/measurement 
• Other miscellaneous management practices 
2.4.1 Product Development 
Fields of economics (Lancaster, 1966) and psychology (Fishbein, 1967) define 
products as bundles of attributes/qualities. Consumers have heterogeneous 
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preferences over these attributes. According to the U.S. EPA (1991), the 
environmental attributes of a product have become one of the most important 
factors that effect green customers' buying decisions in today's consumer market. 
DeCicco and Thomas (1999) listed some of the typical environmental attributes as: 
recyclability, recycled content, fuel & energy efficiencies, toxic content reduction 
and emission related performance. Mackenzie (1997) reported that inclusion of 
environmental attributes as an integral part of product development has become 
one of the most important and challenging tasks for the manufactures. 
Chen (2001) suggested that green product development, which aims to prevent 
pollution in the first place through product design and innovation, has emerged as 
an innovative and sustainable tool for solving today's environmental problems. 
Simon (1992) argued that the green products emerge from the demand-pull of 
customers with new attitudes toward environmental values. Bei and Simpson (1995) 
suggested that in addition to the utility obtained directly from a purchased product, 
green consumers also receive psychological benefits from buying an 
environmentally friendly product. However, Keeney and Raiffa (1993) argued that 
due to the multi-objective nature of green product development, very often the 
improvement of one attribute can only be accomplished at the expense of another. 
Many studies have been conducted on this issue. For example, Crandall and 
Granham (1992) studied the conflict between vehicle fuel efficiency and safety 
rating; Boyd and Mellman (1980) considered the reduction in traditional attributes 
such as style, acceleration, and luxury of a car due to improvement in fuel 
economy; De Neufville et al. (1996) explored the compromise between low 
emissions and maximum speed and range of electric vehicle; Malloy (1996) 
studied the negative impact that the recyclability of a durable product has on 
quality consistency and Henstock (1988) investigated the trade-off between 
recyclability and advanced material substitution in automobiles. Chen (2001) 
argued that since many environmental attributes conflict with traditional product 
attributes, incorporating satisfactory levels of both green and traditional attributes 
in one product may pose technical challenges for manufacturers. 
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Jain and Kaur (2004) reported that green product development is also stimulated 
by various forms of environmental standards imposed by governments around the 
world. Chen (2001) found that the current trend of green product development is 
pulled by the consumers, spurred by government's regulations and implemented by 
industries. He proposed a model which jointly considers the interaction of all these 
three major forces in today's marketplace. 
Ries et al. (1999) reported three major barriers for environmentally oriented 
product development as (i) low knowledge of the environmental impacts of 
specific products, (ii) cross functional characteristic of design and environmental 
issues, (iii) cost-orientation instead of strategic orientation. Bhat (1993) observed 
that top management neglect, cost and regulatory constraints, slow corporate 
decision making process, and cost rather than engineering-based design evaluation 
as the factors obstructing environmental issues from being considered as Integral 
part of product design. Lifset (1993) suggested that 'Extended Producer 
Responsibility' (EPR), which as a policy intends to make manufacturing firms 
responsible for their products throughout their life cycles, can lead the companies 
to take care of environmental issues in the design of their products. 
2.4.2 Purchasing 
Min and Galle (2001) have defined green purchasing as an environmentally-
conscious purchasing that reduces sources of waste and promotes recycling and 
reclamation of purchased materials without adversely affecting performance 
requirements of such material. Porter and van der Linde (1995) and Carter & 
Ellram (1998) have reported that purchasing function is placed in an advantageous 
position to implement waste reduction strategies. Faith-Ell et al. (2006) reported 
that purchasers can improve the environmental performance of the products and 
services by expressing environmental preferences through green procurement. 
Lippmann (2001) highlighted the need for working collaboratively with suppliers 
on new product development, providing training, and/or mentoring, in order to 
increase their environmental management capacity. Lamming et al. (1999) and 
Lloyd (1994) have suggested a number of environmental based initiatives that may 
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be incorporated into the purchasing function. These initiatives are summarized in 
Table 2.5. 
Table 2.5: Environmental Initiatives for Purchasing Function 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Initiatives 
Supplier environmental questionnaires 
Supplier environmental audits and assessments 
Require suppliers to undertake independent environmental certification 
Jointly develop cleaner technology/ processes with supplier(s) 
Engage suppliers in Design for Environment product/process innovation 
Reduce packaging waste at the customer/supplier interface 
Reuse/Recycling of materials requiring co-operation with supplier 
Reuse initiatives (including buy-backs and leasing) 
Conduct LCA with cooperation from suppliers 
Seek to influence legislation in cooperation with suppliers 
Create supply 'club' to collaborate on environmental issues 
Coordinate minimization of environmental impact over full supply chain 
Build environmental criteria into supplier contract conditions 
Source: Based on Lamming et al. (1999) and Lloyd (1994) 
Many of these measures are proactive, but some are reactive also. To successfully 
manage most of these initiatives, a number of factors need to be included in 
managing the supplier-customer relationship. Rao (2002) observed that enhancing 
the environmental performance of suppliers lead to competitiveness and improved 
economic performance. In a compreheiisive empirical survey of environmental 
practices by US purchasing managers, Min and Galle (1997) found that 
corporations were still relatively reactive when integrating environmental issues in 
purchasing practices. In another empirical study conducted on US firms, Min and 
Galle (2001) have reported that the degree of involvement in green purchasing is 
positively related to the size of a buying firm. 
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Managing various environmental criteria in purchasing is an area of debate 
amongst researchers and practitioners. Min and Galle (1997) have reported that 
purchasing managers believe that economic reasons act as key barrier for 
implementing green purchasing. Cox et al. (1999) in their survey found that half of 
the respondents felt that recycled materials were more expensive and could thus 
inhibit their use. The most cited reason for the continued use of new materials was 
customers' preferences for them. Some authors assessed whether the recycled 
goods are expensive or cheaper. Stock (1992) argued that the cost of recycled 
products may be more due to the expense of reverse logistics channels and 
estimated that reverse logistics channels and processes may add 30% more to the 
cost of a recycled product. Other authors like Dassagapa and Maggioni (1993) 
opined that recycled material is usually less expensive to purchase than comparable 
virgin materials. 
Materials and vendors selection seems to be another central issue in purchasing. 
One of the requirements for these selections is to determine what environmental 
friendly (green) is, and what isn't. For example, the decision to purchase materials 
that are less toxic versus materials that are more energy efficient can not easily be 
determined. To help address these issues some researchers like Horvath (1999); 
Navindchandra and Bansal (1994) have suggested the use of tools based on life 
cycle analysis (LCA) and design for environment (DfE). Lippmann (1999) opined 
that company's environmental initiatives with suppliers can provide additional 
opportunities to generate value through supply chain excellence while also helping 
to meet the expectations of customers. Rao (2002) advocated that companies 
should do business only with those suppliers that meet their regulatory standards 
through an environmental performance process. Godfrey (1998) emphasized green 
purchasing as an important criterion for the companies to survive in the 
competitive market. Lippmann (2001) suggested that implementing the 
environmental aspects in purchasing offers challenges, but also new opportunities 
to create environmental and business value. 
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2.4.3 Manufacturing 
Azzone and Bertele (1994) have pointed out that the production processes effect 
the environment by affecting both the production of pollutants and the 
consumption of natural resources. Bhat (1996) opined that pollution reduces 
efficiencies and increases costs because discharged wastes contain expensive 
materials, energy inputs, labour and overheads. Hui et al. (2001) and Tan et al. 
(2002) described green manufacturing as a mode that encompasses all the methods 
of manufacturing that are designed to minimize the environmental impact, reduce 
waste & pollution and conserve resources. It also helps lowering the extensive 
amounts of trash that enter landfills. It lays emphasis on reducing parts, 
rationalizing materials, and reusing components, enabling the manufacture of 
products more efficient. Manufacturing and production function's role in corporate 
environmental has been well addressed in the literature. Rao (2004) has suggested 
that the internal supply chain's performance can best be managed within this 
function. Several researchers (Florida, 1996; Gupta, 1995; Hanna and Newman, 
1995; Klassen, 1993; Sarkis, 1995a; Sarkis, 1999) have reported reviews on 
environmentally conscious manufacturing. Rao (2004) has reported four 
commonly used frameworks by the industry while implementing green 
manufacturing in their firms as: (i) Cleaner Production, (ii) Lean Production, (iii) 
Eco-efficiency and (iv) TQEM. A brief review on these approaches is perused 
below: 
Cleaner Production, as introduced by UNEP in 1989, is an integrated approach 
for reducing environmental impacts from processes, products and services by using 
better management strategies, methods and tools. Rao, (2004) has reported that 
cleaner production aims to prevent pollution at its very source as opposed to the 
end-of-the pipe solution practiced in many places. Fresner (1998) proposed a range 
of options from the interdisciplinary cleaner production approach, including: 
• good housekeeping with materials and energy 
• training of employees 
• better logistics 
• improvement in data availability and the communication between departments 
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• substitution of raw and auxiliary materials with less harmful ones or ones that 
can be used more efficiently or can be recycled internally or externally 
• modifications of products to eliminate production steps with large 
environmental impact 
• process modifications to minimize waste and emissions 
• internal recycling 
• introduction of waste into external recycling networks. 
Fresner (1998) further observed, from an organizational point of view, it is 
essential to introduce cleaner production into the companies' management systems 
in order to alleviate the environmental problems. Ghose (2003), based on his study 
on cleaner production initiatives undertaken in the Indian small-scale mining 
industry, concluded that providing training in the application of cleaner production 
management tools would facilitate additional environmental improvement. 
Simpson and Power (2005) reported that the objective of Lean Production is to 
generate a system that is efficient and well organized and is devoted to continuous 
improvement and the elimination of all forms of waste. Lewis (2000) found that 
Japanese automotive firms that practiced lean production were seen to be twice 
more productive than those not practicing in the West. Sanchez and Perez (2001) 
also investigated lean production practices to assess how they bring about 
enhanced competitiveness and found positive relationships. The study of King and 
Lenox (2001) on lean production systems concluded that lean production was 
complementary to environmental performance and often lowered the marginal cost 
of pollution reduction. The study of Rothenberg et al. (2001) also observed the 
positive association between lean production and environmental benefits. Rao and 
Holt (2005) suggested that lean production practices hold great potential to 
improve environmental performance of the firms through good housekeeping 
practices. 
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Eco-efficiency means producing more goods and services with less energy and 
fewer natural resources. OECD (1998) defined eco-efficiency as the efficiency 
with which ecological resources are used to meet human needs. Mickwitz et al. 
(2006) reported that as a concept, eco-efficiency has its roots in business world, 
where it has been described as a combination of economic and ecological 
efficiency expressed by the ratio: 
Economic Value (added) 
Eco-efficiency = 
Environmental impact (added) 
Based on this equation they suggested that eco-efficiency can be improved by 
reducing the environmental impact added while maintaining or increasing the 
value of output produced. 
Also, Schmidheiny (1992) expressed eco-efficiency as: 
Value 
Eco-efficiency = 
Resource use + Pollution 
Interpreting the above equation he emphasized that the eco-eflficient businesses are 
better able to simultaneously meet cost, quality, and performance goals, reduce 
environmental impacts, and conserve valuable resource. Hence, eco-efficient 
businesses get more value out of their raw materials as well as produce less waste 
and less pollution. This approach primarily aims at the conservation of the 
resources. Rao (2004) has pointed out that a major component of eco-efficiency 
includes the recycling of the products and maximizing use of renewable resources. 
Total Quality Environmental Management (TQEM) emphasizes waste 
minimization and process efficiency through empowerment of employees, 
continuous improvement, customer focus and supplier involvement. Klassen & 
McLaughlin (1996) and Kitasawa and Sarkis (2000) have studied in detail the role 
of employee involvement in pollution control. Rao (2004) has reported that TQEM 
is considered to be similar to enterprise resource management (ERM), which 
focuses on an integrated approach to the reduction and elimination of all wastes 
associated with the design, manufacture and/or disposal of goods. 
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A key theme that has evolved within green manufacturing area is total quality 
environmental management (TQEM). It is a managerial philosophy, rather than a 
hard technology or program, with a number of tenets. Rao (2004) described some 
of the tenets of TQEM as: empowerment of employees, continuous improvement, 
team efforts, inter-functional collaboration, and leadership elements. There are 
issues in each of these areas, one of the most important of these areas, from a 
managerial perspective, is empowerment and employee involvement. 
Empowerment means allowing workers to attain responsibility for decision making. 
Some researchers like Florida (1996) and Kitazawa & Sarkis (2000) believe that 
employee involvement is a practice that is central to pollution prevention in the 
production function. In a detailed field study of automotive manufacturers by 
Rothenberg (1999), workers participation in environmental decisions was 
emphasized. But, even with this emphasis, her findings showed that the amount of 
worker participation and its significance were much less than the supposed 
involvement as mentioned by management. She also found that inadequate 
technical expertise in environmental issues was one main reason for the limited 
worker participation. 
Beamon (1999) identified closed-loop manufacturing as one of the internal 
measures that can be used to improve the environmental performance of the 
internal supply chain. Hasek (1997) has defined closed-loop manufacturing as a 
process of producing products with no negative environmental impact. Vasilash 
(1997) found that as part of the source-reduction philosophy, closed-loop 
manufacturing has become much more popular with design for the environment 
linkages. Ferrer and Whybark (2001) identified integrating remanufacturing with 
internal operations as one of the key challenges of GSCM. Ravi & Shankar (2005), 
in their empirical study, found that remanufacturing is currently a novel concept in 
a number of Indian industries. 
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lAA Reverse Logistics 
Reverse logistics stands for all the operations related to the reuse of used products. 
Martin (2001) described reverse logistics as a way to maximize the value of 
residual assets. It requires return of materials, components and products back into 
the forward logistics chain. Carter and Ellram (1998) have defined reverse 
logistics as an environmentally conscious approach by incorporating reverse 
distribution and resource reduction. They further defined reverse logistics as the 
return, upstream movement of a good or material resulting from reuse, recycling, 
or disposal with the minimization of waste which results in more efficient forward 
and reverses distribution processes. Dowlatshahi (2000) termed reverse logistics as 
the process in which a manufacturer systematically accepts previously shipped 
products or parts from the point of consumption for possible recycling, 
remanufacturing or disposal. Wu «& Dunn (1995); Carter & Ellram, (1998) 
observed that reverse logistics has important environmental dimensions. 
Dowlatshahi (2000) reported that for a variety of economic, environmental or 
legislative reasons, product disposal may be the responsibility of the original 
manufacturer, and not the customer, as products come to be recycled or 
remanufactured. Rogers and Tibben Lembke (2001) argued that efficient handling 
and dumping of returned products can make a competitive difference for the 
company. Daugherty et al. (2001) have stated that reverse logistics is fast 
becoming a competitive necessity. They identified some of the potential benefits 
that may accrue to firms with an effective reverse logistics program such as better 
customer satisfaction, increased control on inventory, reduced costs, higher 
profitability, and enhancement of corporate image. 
Rogers et al. (2004) and Blumberg (2005) have identified some of the differences 
between forward and reverse logistics as shown in Table 2.6. 
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Table 2.6: Forward and Reverse Logistics: Key Differences 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Characteristic 
Forecasting 
Distribution points 
Product quality 
Destination/routing of products 
Disposition options 
Distribution costs 
Inventory management 
Product lifecycle 
Visibility of processes 
Negotiation between parties 
Product packaging 
Customer 
Financial management issues 
Forward 
Logistics 
Relatively 
straightforward 
One to many 
Uniform 
Clear 
Clear 
Easily visible / 
understandable 
Consistent 
Manageable 
More transparent 
Straightforward 
Uniform 
Easily 
identifiable and 
market to 
Clear 
Reverse Logistics 
More difficult 
Many to one 
Non-uniform 
Unclear 
Unclear 
Less directly visible 
/ understandable 
Not consistent 
Less manageable 
Less transparent 
Less straightforward 
Packaging often 
damaged 
Difficult to identify 
and market to 
Unclear 
Source: Based on Rogers et. al. (2004) and Blumberg (2005) 
Ferguson (2000) reported that the US computer hardware industry has already 
started adopting reverse logistics practices by taking steps to streamline the way 
they deploy old systems; and in the process make it easier for the customers to 
refurbish exisfing computers or buy new parts. Veerakamolmal and Gupta (1997) 
have discussed a technique for analyzing the design efficiency of electronic 
products, in order to study the effect of end-of-life (EOL) disassembly and disposal 
to environment. Degher (2002) has done extensive research on Hewlett-Packard's 
recycling programs and implemented standard procedures for implementation of 
reverse supply chain practices. Boon et al. (2002) have investigated the critical 
factors influencing the profitability of end-of-life processing of PCs. They also 
suggested suitable policies for both PC manufacturers and legislators to ensure the 
availability of a viable PC recycling infrastructure. Ravi et al. (2005a) have 
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developed an analytical network process model to address the problem of 
conducting reverse logistics operations to EOL computers. Knemeyer et al. (2002) 
utilized a qualitative methodology to examine the feasibility of designing a reverse 
logistics system to refurbish EOL computers. Spicer & Johnson (2004) have 
reported that many companies are now taking Extended Producer Responsibility 
(EPR) or using third party de-manufacturing as the solution to environmental 
problems. 
Gooley (1998) opined that reverse logistics is a core competency that does not 
exist in most original equipment manufacturers and organizations in US. He 
further reported that outsourcing to third-party logistics speciality companies to 
manage reverse logistics operations has become very popular. Fleischmann et al. 
(2000) devised a framework of three typical reverse logistics networks structures 
and presented a continuous optimization model for RL network design. Pohlen and 
Farris (1992) summarized some of the practical issues facing reverse logistics as: 
• Most logistics systems are ill-equipped to handle product movement in a 
reverse channel. 
• Reverse distribution costs may be up to nine times higher than moving the 
same product from producer to consumer. 
• Returned goods often cannot be transported, stored and/or handled in the 
same manner as in the forward channel. 
Bettac, et al. (1999) reported that reverse distribution channels are up to 14 times 
longer in respect of transportation distances than regular disposal and incineration. 
In their study of the furniture industry, Handfield, et al. (1997) found that reverse 
logistics scored lowest, in terms of progress, among all the functional areas. Their 
findings suggest less than expected maturity of this function. It also recognizes the 
existence of ample opportunity for improvements and growth. 
From a modeling perspective reverse logistics, incorporates a number of 
managerial and modeling issues. There are two major issues that Fleischmann et al. 
(1997) have focused on in their review of modeling approaches for reverse 
logistics. These include inventory and production planning management. 
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Fleischmann et al. (1997) have suggested that the inventory management of these 
systems is difficult since reverse logistics flows are more difficult to forecast, since 
they require increased flexibility in terms of capacity and equipment, as well as 
additional safety stocks for inventory to manage the variability and uncertainty. 
Sarkis (1999) reported that the production planning area is more closely related to 
de-manufacturing and tools and models for disassembly scheduling, planning and 
control are still in their infancy. 
Another dimension of reverse logistics is Product Life Extension. This emphasizes 
the dynamic nature of the product life cycle and it's implications on the various 
practices. Roy (2000) reported that 'product life extension' aims at decreasing the 
environmental impact while increasing the economic value of the product at 
different stage in its life cycle. Linton (2002) proposed that for sustainable 
development, organizations need to integrate environmental concerns into 
decisions regarding design and technology. In this context, product life extension is 
an approach that holds a great potential for providing both economic and 
environmental benefits in a wide range of GSCM applications. Linton and 
Jayaraman (2005) have discussed the characteristics of nine different modes of 
product life extension. These are: (i) recall, (ii) repair, (iii) preventive maintenance, 
(iv) predictive maintenance, (v) upgrade, (vi) product reuse, (vii) remanufacturing, 
(viii) part reuse and (ix) recycle. Sarkis (1999) has opined that whether the 
lengthening of the life of products and materials is worth the additional efforts of 
energy use and waste generation is yet to be determined. 
2.4.5 Studies on Environmental Performance Measurement 
Sharma and Vredenburg (1998) have defined environmental performance as the 
environmental impact that the firm's activities have on the natural environment. 
There is a wide variety of criteria that can be used to evaluate a firm's 
environmental performance. Each of these approaches to measure environmental 
performance has both advantages and disadvantages. James (1994) has proposed a 
set of criteria including the quantification of environmental costs, and 
environmental protection activities, satisfaction of consumer needs, evaluation of 
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the impact on the environment as a result of the activities of the company, 
consumption and efficiency in the use of resources, and wastes generated and risic 
assessment. He also proposed some form of standardized measure of waste 
generation that allows its comparison (e.g. the amount of waste generated divided 
by a specific indicator of the firm's activity, such as production, sales or added 
value) and an aggregated index, based on financial aggregation criteria or via a 
qualitative weighting. In this context James (1994) has also suggested that 
environmental performance information increases its value when it is compared, 
because comparisons with other environmental information are central to its 
interpretation. Different bases can be used for this comparison, such as tracking 
over time, benchmarking against other businesses or best practices, as well as 
comparing it against an ideal (for example, zero emissions or total recycling). 
Sarkis and Rasheed (1995) presented a list of environmental performance measure 
(Table 2.7) addressing issues that relate to product, process and technology. They 
proposed that most of these measures are relatively general and can be 
disaggregated into lower level operational performance measures, which can be 
used to manage products and processes. 
Table 2.7 Generic Environmental Performance Measures 
• Recycled content 
• Recyclability 
• Reusability 
• Re-manufacturability 
• Degradability 
• Hazardous / Toxic waste content 
• Water pollution 
• Soil pollution 
• Air pollution 
• Noise pollution 
• Resource / Energy usage 
• Regulatory compliance 
Source: Adapted from Sarkis and Rasheed (1995) 
Jimenez and Lorente (2001) suggested that the more categories of environmental 
performance measures a company is using, the better will be the assessment of its 
environmental performance since these criteria are not incompatible. However, 
Lober (1996) recommended that corporate environmental performance can be 
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represented by a relatively small number of dimensions. Ilinitch et al. (1998) have 
classified environmental performance measures on four dimensions: 
• internal systems measures; 
• external stakeholder relations; 
• external impacts; and 
• internal compliance. 
They also suggested that on basis of this classification, firms could design 
indicators that correspond to each of the dimensions so as to evaluate the 
corporation's environmental performance and any possible improvements. Nattras 
and Altomare (1999) have suggested that for improving its environmental 
performance, the company requires a systematic decrease in its economical 
dependence on: 
• underground metals, fuels, and other minerals; 
• persistent unnatural substances; 
• activities which encroach on productive parts of nature; 
• using a large amount of resources in relation to added human value. 
2.4.5.1 Organizational Performance 
Many researchers (Klassen & McLaughlin, 1996; Hart & Ahuja, 1996; Cordiero & 
Sarkis, 1997) have investigated the relationship between organizational 
performance and their environmental performance. Some of them have discussed 
these relationships. Studies conducted by Klassen and McLaughlin, (1996) and 
Russo & Fouts, (1997) have reported a positive relationship between 
environmental performance and economic result. 
Guimaraes and Liska, (1995) and Shrivastava, (1995a) have suggested that some of 
the benefits stemming from environmental performance improvement are cost 
reduction (efficient use of raw materials, reduction in fines, risks or insurance 
costs); quality improvement; early adoption of new regulations; benefits in 
management and personnel (increased employee morale and involvement, 
stimulated innovation); external benefits derived (improved company image, 
access to new markets, engaged competitiveness, improved customer loyalty. 
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improved stakeholder communication and feedback). Ferdows and de Meyer (1990) 
reported that the environmental performance can positively influence the results of 
the other operations objectives as long as it is placed as a first objective together 
with quality. Jimenez and Lorente (2001) have strongly advocated for including 
environmental performance as an objective in the first phase of product design, 
together with quality specifications. They have opined that this shall facilitate 
GSCM to a larger extent in achieving its objectives. Bowen et al., (2001) have 
reported that organizations are expected to adopt green business practices only if 
they identify that this would result in specific financial and operational benefits. 
2.4.6 Other Management Practices 
Company's green marketing policies greatly influence its relationships with the 
customers. Speer (1997) found that ultimately it is the individual consumer's 
interest in the environment and environmentally sound product that is substantial to 
green marketing efforts. Polonsky (1994) has defined green marketing as the 
activities designed to generate and facilitate any exchanges intended to satisfy 
human needs or wants, such that the satisfaction of these needs and wants occurs, 
with minimal detrimental impact on the natural environment. In the words of 
Peattie (1995), green marketing is the holistic management process responsible for 
identifying and satisfying the requirements of customers and society, in a 
profitable and sustainable way. Jain and Kaur (2003) have reported various 
activities that makeup green marketing such as: undertaking market analysis to 
identify the market for green products and ideas, studying consumers' green 
attitudes and behaviours, stratifying the green market into different segments based 
on the consumers' greenness, developing green positioning strategy and evolving a 
green marketing mix program. 
Kama and Heiskanen (1998) reported that business consumers are more aware of 
environmental and green product characteristics and issues than individual 
consumers. Min and Galle (1997) have observed that consumers are slowly starting 
to favor green products, which are manufactured using environment friendly raw 
materials with environment friendly production processes. They also suggested 
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that in order to make green marketing successful, company needs to integrate its 
environmental goals with its supply strategies. 
Understanding the hierarchy of criteria for buying is another issue related to 
marketing. Jain and Kaur (2004) reported that price, quality, and convenience 
criteria are still at the top of this hierarchy. How to make environmental criteria 
more important is a challenging issue faced by green marketers. Roberts and Bacon 
(1997) have stated that marketers have several options to achieve this goal. These 
options include increasing the importance of ecological compatibility, changing 
beliefs about a particular product, explaining the environmental benefits in addition 
to the other criteria. Moorthy and Srinivasan (1995) recommended the use of 
money-back guarantees to overcome some of the concerns about quality/ price. 
Roberts and Bacon (1997) have found that individual consumers are different in 
their environmental expectations as well as in their definition of environmental 
consciousness. 
Mckerlie et al. (2006) reported that product stewardship also plays a very 
significant role in an organization's relationships with its customers. Dutton (1998) 
and Hart (1995) have defined 'product stewardship' as the minimization of the 
product's harmful effects on the environment in every stage of the product life 
cycle, from design and development to manufacturing, distribution, use and 
disposal. Walsh (1998) stated that product stewardship concept is one of the 
foundational elements of the Chemical Industry's Responsible Care program. 
Under Responsible Care principles, chemical producers are required to evaluate the 
handling of their products by customers to ensure, where possible, that safety 
measures are in place. 
2.5 Gaps in Existing Literature 
A review of literature brings out the following gaps: 
• Majority of the studies reported in the literature are carried out in context of 
the developed countries. The researcher could not locate any empirical 
study in Indian context. 
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• In most of the studies, only large firms are focused upon and there is 
general lack of studies on small and medium enterprises (SMEs). 
• In the available literature, barriers and enablers impacting integration of 
environmental concerns in key business processes have been reported. 
However, that listing is far from comprehensive. Moreover, their relative 
importance and mutual relationships are also not yet identified and 
analyzed in the available literature. 
• Generally, there are a large number of vendors supplying various 
components to OEM. A significant portion of these vendors fall in SME 
category. Till date, suitable integrating methods for the suppliers have not 
been devised for improving the overall environmental performance of 
supply chains. 
• Available literature records issues related to implementation of some of the 
GSCM practices. However, there is lack of enough understanding on 
similarity and dissimilarities across the different industrial sectors and 
categories. 
• Companies could have different alternatives for the conduct of GSCM 
program and practices. These alternatives have been individually discussed 
in the existing literature on environmental management. Yet, not many 
analytical models can be found, which guides practitioners in selection of 
the best alternative for the conduct of GSCM operations. Also, a holistic 
framework, incorporating both tangible and intangible variables in evolving 
an environmental friendly approach, has not been developed, as yet. 
2.6 Chapter Summary 
In this chapter, a theme based review of literature related to integration of 
environmental concerns in key business processes has been presented. In line with 
the nature and scope of present research product development, purchasing/ 
procurement, manufacturing, environmental performance measurement and reverse 
logistics related processes have been the main focus of the literature review. Broad 
themes, which are relevant to environmental management such as: governmental 
role, environmental strategies, technologies, and adoption of ISO 14001 EMS 
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system are also reported in the review of the literature. Subsequently, the gaps in 
literature have been identified and reported. The identified gaps have provided 
direction and motivation for the present research, which is reported in the 
subsequent chapter. 
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Chapter 3 
Research Methodology 
3.1 Introduction 
This chapter details out the problem statement, scope of the study, research 
objectives, formulation of hypotheses, research design, questionnaire development 
and its administration. In addition, this chapter briefly describes the research 
strategy and pattern of analysis employed in this study. Finally, the limitations of 
the study are also discussed. 
3.2 Problem Statement 
Industrial activity is essential for a country's socio-economic development. 
Manufacturing organizations use inputs (resources and energy), have throughput 
systems (manufacturing, logistics) and generate outputs (products and wastes). 
Therefore, they cause destruction to the natural environment in various forms of 
pollution and natural resource depletion. 
As nation's population and standard of living increases, businesses need to 
continually improve their environmental performance. This presents a new 
challenge to manufacturing enterprises. They are required to develop ways to 
balance industrial development and environmental protection. This calls for re-
orienting business processes of the entire product value chain. They are called 
upon to address environmental concerns associated with resource use, waste and 
pollution. 
Business organizations are answerable not only to law but to the future generations 
as well. There is, therefore, a need for a holistic approach to the business processes. 
This approach calls for integrating environmental concerns in the business 
operations. Environmental management is vital from ethical and moral standpoint. 
It makes good economic sense as well. The future of current business is dependent 
upon how well it conserves environment and natural resources. 
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The second half of the 20"^  century has witnessed unprecedented expansion in the 
Indian economy. Production of a broad range of consumer goods, has led to rapid 
increase in consumption of energy, materials and other natural resources. It has 
started posing grave challenges and threats to the natural environment. The conflict 
between economy and ecology is assuming dangerous proportion. There is a need 
to address the issue of fundamentally unsustainable patterns of production in the 
manufacturing sector. It is imperative that we address these issues. The present 
study is a step in this direction. It aims to understand range of issues that have a 
bearing on integrating environmental concerns in the key business processes 
among enterprises belonging to manufacturing sector in India. 
3.3 Scope of the Study 
This study aims to integrate environmental concerns in the key business processes 
of manufacturing sector in India. In this study, the following key business 
processes have been focused upon: ^^v^^*"^ -^.^^ >~ibr 
• Product development, '• ' ' ^,, -& 
' I I ' / ' ^ 
• Manufacturing, ' ,^^ ^ ''>."'* 
• End-of-life management of product (Reverse logistics) 
• Performance evaluation (from environmental perspective) 
• Other miscellaneous/related management practices (like employee training, 
performance evaluation, goal setting etc.) that ensures environmental 
friendly enterprise. 
These business processes are primarily part of the supply chain processes of a 
manufacturing enterprise. Supply chain, as we know, is the network of facilities 
and activities that performs the functions of product development, procurement of 
materials from vendors, movement of materials among facilities, manufacturing of 
products, distribution of finished goods to customers, after-sales support, and waste 
disposal (Marbert and Venkataramanan, 1998; Swaminathan and Tayur, 2003) 
Adding the green component to supply-chain management calls for blending 
supply-chain management and natural environment (Srivastava, 2007). Therefore, 
it may be noted that green business practices have been used as an umbrella term. 
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which indicates an environmental friendly approach among business organizations 
in general, and manufacturing organizations, in particular (as this study is focused 
on this particular sector of the Indian economy). 
To reiterate, for the purpose this study, key business processes would include 
major supply chain management processes mentioned above. As this study focuses 
on integrating environmental concerns in the key business processes of 
manufacturing sector in India, the primary focus would be to understand green 
supply chain management (GSCM) practices. Therefore, in this study 'integrating 
environmental concerns in key business processes' may be taken to mean GSCM 
practices. Also, the term green may be taken to imply environmental friendliness 
wherever used in conjunction with business processes and/ or practices. 
As regards specific coverage in terms of industrial sectors covered, it may be noted 
that the study primarily focused on three key industrial sectors, namely: 
• Automobile including auto components 
• Electrical and Electronics goods 
• Chemical and Paint 
The rationale of selection of these sectors specifically has been provided in Section 
3.9.1. 
3.4 Research Objectives 
As noted above, manufacturing sector has been characterized by high consumption 
of natural resources. It is also a potent source of waste generation, ecosystem 
disruption, and depletion of natural resources. This study attempts to understand 
state of environmental consciousness in manufacturing sector in India. Based on 
that stock taking, it attempts to propose approaches that may facilitate integration 
of environmental concerns in the key business processes in manufacturing sector in 
India. Specifically the study aims: 
• To assess the current state of environmental concerns in Indian 
manufacturing sector. 
• To gain an insight into the current state of GSCM practices in targeted 
companies. 
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• To explore differences, if any, with regard to GSCM practices across varied 
industrial sectors and nature of industrial enterprise. 
• To identify barriers and enablers impacting implementation of GSCM. 
<• To propose models by crystallizing relationships and driving power & 
dependence of the barriers and enablers. 
• To ascertain validity of the conceptual model (presented in Figure 3.1) 
interlinking environmental concerns, barriers, enablers, GSCM practices 
and performance (environmental, competitive and economic). 
3.5 Formulation of Research Hypotheses 
For this study, three sets of hypotheses have been formulated. In total, there are 
twenty four hypotheses. The first set of hypotheses (hypothesis 1- hypothesis 8) 
relates to GSCM practices. This set of hypotheses focuses on establishing 
relationship among varied GSCM practices. The second set of hypotheses 
(hypothesis 9 - hypothesis 14) ascertain similarities/dissimilarities with regard to 
select GSCM practices across chosen industrial sectors as also varied type of 
enterprises like, OEM & suppliers, listed and non-listed companies and their scale 
of operation (SMEs and Large enterprises). The third set of hypotheses (hypothesis 
15 - hypothesis 24) seeks to establish relationship between and among two factors 
that are expected to drive one another. These variables were identified through two 
brainstorming sessions with eight informed experts, two from academia and six 
from industries. These experts belonged to the selected industrial sectors covering 
OEM as well as supplier segment. These experts had more than ten years of 
experience in operations, supply chain and environmental management functions. 
Green supply chain management practices help to enhance environmental 
performance, minimize waste and achieve cost savings and, consequently promote 
efficiency and synergy among business partners and their lead corporations, and 
this synergy is expected to enhance corporate image, marketing exposure, and 
competitive advantage (Lin, 2007). Review of the existing literature and 
discussions with experts have led to the formulation of following hypotheses: 
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3.5.1 Hypotheses based on some Issues Related to Green Supply 
Management Practices 
Hypothesis 1: Green procurement practices in an organization are positively 
influenced by (i) green product development, (ii) adoption of reverse logistics 
practices, and (iii) customers' demand for environmental performance 
improvement. 
Hypothesis 2: Certification to ISO: 14001 Environmental Management System is 
positively influenced by (i) green procurement practices, (ii) customer's demand 
for environmental performance improvement, and (iii) governmental subsidized 
program/tax incentive for green products/processes. 
Hypothesis 3: Organizational environmental competitiveness is positively 
influenced by (i) eco-labeling of products, (ii) green product development, and (iii) 
availability of cleaner technology. 
Hypothesis 4: Pollution prevention activities are positively influenced by (i) 
reverse logistics practices in supply chain, (ii) top management commitment, and 
(iii) economic benefits through carbon trading. 
Hypothesis 5: Market demand for green products is negatively influenced by (i) 
lack of support and guidance from regulatory authorities, (ii) lack of eco-literacy 
amongst the supply chain partners, and (iii) inadequate adoption of reverse 
logistics practices. 
Hypothesis 6: Proactive environmental policy (even beyond compliance to 
legislative requirements) is facilitated by (i) environmental accounting, (ii) 
balanced scorecard for environmental performance measurement, and (iii) 
environmental criteria in the performance review of employees. 
Hypothesis 7: Continuous improvement in organization's environmental 
performance is positively influenced by (i) assignment of roles and responsibilities 
with respect to environmental programs, (ii) setting of quantifiable environmental 
objectives, and (iii) benchmarking environmental performance. 
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Hypothesis 8: Risk reduction related to termination of business owing to 
environmental issues is positively influenced by (i) pollution prevention, (ii) 
reduced risk of litigation, and (iii) increased productivity. 
3.5.2 Hypotheses pertaining to Similarities/Dissimilarities among Different 
Sectors and Varied group of Enterprises 
Hypothesis 9(a): OEM and suppliers differ significantly in considering lean 
manufacturing practices as an enabler to the integration of environmental concerns 
in key business processes. 
Hypothesis 9(b): Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of lean manufacturing 
practices as an enabler to integration of environmental concerns in key business 
processes. 
Hypothesis 10 (a): There is no difference between listed and non-listed companies 
regarding their belief in certification to ISO: 14001 EMS as a facilitator for 
integrating environmental concerns in key business processes. 
Hypothesis 10 (b): Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of certification to ISO: 
14001 EMS as an enabler influencing integration of environmental concerns in key 
business processes. 
Hypothesis 11(a): Large enterprises attach greater importance to educating their 
suppliers regarding techniques to improve their environmental performance than 
small scale and medium scale industries (SME). 
Hypothesis 11(b): Significant differences exist among industrial sectors (i.e. 
automobile, electrical & electronics and chemical & paints) regarding importance 
they attach to educating suppliers in terms of techniques being deployed by them 
for improving environmental performance. 
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Hypothesis 12: Large enterprises pay greater attention to regular monitoring of 
environmental performance indicators than SMEs. 
Hypothesis 13: Automobile and electrical & electronics sectors do not differ 
significantly in considering the design for energy efficiency approach while 
designing their products. 
3.5.3 Hypotheses based on Individual Factors 
Hypothesis 14: Lack of support and guidance from regulatory authorities leads to 
inadequate adoption of reverse logistics practices into supply chain processes. 
Hypothesis 15: Inadequate adoption of reverse logistics practices is positively 
related to financial constraints. 
Hypothesis 16: Financial constraints are positively related to inadequate strategic 
planning. 
Hypothesis 17: Competitive advantage through green product/process 
development positively influences pollution prevention. 
Hypothesis 18: Pollution prevention leads to reduced consumption of resources. 
Hypothesis 19: Reduced consumption of resources leads to increased productivity. 
Hypothesis 20: Increased productivity (an indicator of waste minimization) leads 
to improvement in return on investment (ROI). 
Hypothesis 21: Top management commitment to integration of environmental 
concerns in business processes is positively related to eco- literacy amongst supply 
chain partners. 
Hypothesis 22: Eco-literacy amongst supply chain partners leads to development 
of green products. 
Hypothesis 23: Green product development leads to eco-labeling of products. 
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Hypothesis 24: Eco-Iabeling of products leads to corporate image through 
environmental responsibility. 
3. 6 Development of Conceptual Model 
The conceptual model has been crystallized after a thorough review of literature. 
This review covered various aspects of the business operations. This review helped 
identify eleven latent constructs. These constructs are barriers, enablers, 
environmental concerns (pollution-related and others), greening of suppliers, total 
quality environmental management, greening of production, environmental 
performance (resource conservation and pollution prevention), competitiveness 
and economic performance. A conceptual model indicating the relationships 
among these variables is presented as Figure 3.1. 
Figure 3.1: Conceptual Model 
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Source: Developed by Researcher after extensive literature review 
3.7 Research Design 
The research design used for this study has been presented in Figure 3.2. The 
shaded boxes suggest the design followed for the present research. 
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Figure 3.2: Research Design 
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Conclusive Research: The research process is structured and formal, wherein the information needed 
is clearly defined. A large and representative sample is considered for quantitative data analysis. 
Generally the findings are used as input into decision making. 
Descriptive Research: It has a structured research design normally conducted through surveys. It 
describes the relationship between independent and dependent variable. 
Cross-Sectional Design: It involves the collection of information only once from any given sample of 
population. 
Single Cross-Sectional Design: A cross-sectional design in which one sample of respondents is 
drawn from the target population and information is obtained once from this sample. 
Source: Adapted from Malhotra (2007) 
Various research techniques employed in this research are: 
• Questionnaire-based survey: Questionnaire-based survey is an established 
approach to obtain respondents' opinion on range of issues related to a 
research problem. In the present research this is used to gain an insight, in 
terms of breadth as well as depth, regarding environmental practices/ green 
business practices in Indian companies. 
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• Interpretive Structural Modeling (ISM): This methodology transforms 
unclear, poorly articulated mental models of systems into visible and well 
defined models. In this technique, a set of different directly and indirectly 
related elements are structured into a comprehensive model. In this study 
this methodology has been used for establishing driving power and 
dependence of barriers and enablers impacting adoption and 
implementation of green supply chain practices. 
• Structural Equation Modeling (SEM): It is an analytical method that 
provides parameter estimates of direct and indirect links between observed 
and unobserved variables. This method estimates a series of separate but 
interdependent multiple regression equations simultaneously. It has a 
unique feature of being able to include variables that are not measured 
directly and thus called unobserved or latent constructs. This technique has 
been used to quantify relationship between dependent and independent 
variables related to: barriers, enablers, environmental concerns, some 
GSCM practices, environmental, competitiveness and economic 
performance. 
3.8 Questionnaire Development 
Environmental Management is relatively a new area of study in India. There is lack 
of enough research work in Indian context. This study attempts to address issues 
related to environmental concerns and GSCM. It is aimed at assessing the current 
status of green supply chain practices followed in the Indian industries. To that end, 
a questionnaire-based survey was conducted. The questionnaire was designed after 
reviewing the available literature and extensive discussions with six practicing 
managers of manufacturing industries and two academicians. 
To increase the response rate and facilitate respondents, the questionnaire included 
close-ended questions. A five-point Likert-scale was used for that purpose. 
However, some of the questions had yes/no options as well. The questionnaire had 
three sections. Section I dealt with organization's profile. Section II focused on 
issues related to environmental concerns, barriers, benefits and enablers of 
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integration of environmental concerns in key business processes. Section III 
assessed extent of implementation of specific green supply cliain management 
practices among responding organizations. 
3.8.1 Structure and Content Validity of the Questionnaire 
The questionnaire was tested for content as also construct validity. The 
determination of content validity is subjective and judgmental. It indicates the 
accuracy with which a specified domain of content is sampled and that the 
instrument has items covering all aspects of the variables being measured (Nunally, 
1978). Content validity primarily depends on an appeal to the proprietary of 
content and the way it is presented (Nunally, 1978). The selection of measurement 
items in this questionnaire was based on exhaustive review of available literature 
and evaluation by practicing managers and academicians, thus ensuring the content 
validity of the questionnaire. The content validity was, further, tested during pilot 
survey as per the guidelines provided by Forza (2002). After a careful review of 
responses during the pilot survey, some questions were modified to convey their 
intended meaning. A few questions were deleted as well. The construct validity 
was tested through an exploratory factor analysis. Factor analysis was conducted to 
test the uni-dimensionality of the multi-items perceptual measures. As per the 
suggestions of Kim and Mueller (1978), only those items, which had a factor 
loading of more than 0.4 were retained in the questionnaire. Non-response bias and 
reliability tests were also conducted for the survey questionnaire, findings of which 
are reported in Chapter 4. 
3.9 Questionnaire Administration 
3.9.1 Target Industrial Sectors and their Rationale of Selection 
Three sectors from the Indian manufacturing industry were selected for 
administration of the questionnaire. These were: (i) automobile, (ii) electrical & 
electronic goods, and (iii) chemical and paint. 
Automobile sector is frequently regarded as a barometer measuring the current 
wealth of a nation's economy (Childerhouse et al, 2003). The automobile sector is 
64 
Chapter 3 Research Methodology 
also considered to be high on resource use intensity, pollution intensity, size of 
industry, growth potential (and hence potential for the multiplier effect), and export 
potential (CII, 2001). The companies selected for the survey in this sector included 
both the auto manufactures and the auto component suppliers. India is one of the 
fastest growing markets o^ electrical equipment and consumer electronics, one that 
is far from saturation (Haldar, 2006). Today, Indian electronics industry is a major 
enabler for growth, progress, productivity and prosperity (Goel, 2006). This sector 
produces a wide variety of products in scope and scale with high rate of 
obsolescence. This leads to lot of waste in the form of valuable materials in them 
and also poses threat to environment of toxic materials and e-waste. Due to 
shortening of product life cycle, in this sector, the product recovery activities are 
becoming a necessity (Hillegerberg et ai, 2001). The chemical & paint is 
traditionally perceived as one of key polluting industry. 
These three manufacturing sectors have extensively divergent operations and 
GSCM practices. Together, these sectors encompass range of practices across the 
entire manufacturing industry. It is expected that inclusion of these broad industrial 
groups would provide us an overview of Indian Manufacturing sector on this 
account. 
3.9.2 Pilot Study 
Before administrating the questionnaire full scale, a pilot study was carried out 
among select companies. The pilot study aimed at: 
• obtaining feedback of the executives working in the area of operations, 
supply chain and environmental management, 
• carrying out necessary additions in the questionnaire to make it even more 
comprehensive, 
• deleting those questions that may be of limited significance, and 
• refining / rephrasing the existing questions to impart greater clarity. 
A total of fifteen executives were personally approached to fill out the 
questionnaire. Accordingly, the questionnaire was modified and the final 
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questionnaire was crystallized. It was then mailed to companies included in the 
sample. 
3.9.3 Questionnaire Administration 
A total of 550 questionnaires were mailed to different companies of the selected 
sectors throughout the country. These companies were carefully selected from the 
directories of public sector, private sector, and government companies, which also 
include OEM and suppliers in automobile, electrical & electronics goods, and 
chemical & paint industries. This survey was conducted during Oct 2007-March 
2008. One questionnaire each was sent to the selected companies. Questionnaire, 
including a covering letter and a self-addressed stamped envelop, was mailed to 
chief executive officer/ managing director/ general manager/ operation manager/ 
EHS manager etc. Reminders were sent to all the non-respondents, three weeks 
after the dispatch of initial questionnaire. In addition, personal visits, phone calls 
and e-mails were also resorted to for eliciting responses. Out of the 550 
questionnaires, 157 completed questionnaires were received. Eleven questionnaires 
were incomplete and were discarded. So, only 146 questionnaires were analyzed. 
This gives an overall response rate of 26.55%. A response rate of above 20% is 
considered desirable for survey findings (Yu and Cooper, 1983). Malhotra and 
Grover (1998) have also suggested a response rate of 20% for positive assessment 
of the surveys. The respondents profile and the results of the survey are discussed 
in the next chapter. 
3.10 Data Sources 
Primary as well as secondary data sources have been used for this study. The 
primary data for this study has been collected from the companies belonging to the 
select manufacturing sectors. The mode of data collection from primary sources 
has been explained in Section 3.9. For secondary data sources various studies 
specifically related to environmental conscious manufacturing and green supply 
chain management were scanned in various libraries. Major part of the data has 
been collected from the libraries of Indian Institute of Technology, Delhi and 
Indian Institute of Management, Bangalore. Various international journals 
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published by Emerald, Science Direct, Springer, Inderscience etc. that were 
available at these libraries, have been extremely useful to the researcher. A 
substantial part of the data was also sourced from Seminar Library of the 
Department of Business Administration, AMU, Aligarh, especially from issues of 
Harvard Business Review. 
3.11 Pattern of Analysis 
The study used the specifically developed research questionnaire (Appendix Al), 
as the basic research instrument to collect the data. The data was analyzed using 
MS-Excel 2002, SPSS (version 13.0) software and LISREL (version 8.5) 
Structural Equation Modeling software. The descriptive analysis of the data was 
undertaken using frequency distribution, mean, standard deviation, which are 
useful to identify differences among several data sets. Cronbach's reliability test 
was carried out to test the reliability of the survey questionnaire. For testing the 
hypotheses, appropriate statistical tools like regression analysis, t-test, ANOVA, 
correlations test were used. 
3.12 Limitations of the Study 
• Participation and cooperation of respondents is serious problem in a survey 
based research. The same was observed in this study. Some respondents 
appeared reluctant to participate in the survey. They apprehended that that a 
study on a burning issue may expose the weaknesses of the organization in 
general and management in particular. This limitation caused a lower than the 
anticipated response rate from the targeted companies. 
• The study assumed that the respondents were reflecting the state of the 
responding companies. However, their individual perceptions might have 
influenced their responses and their views may not represent the entire 
organizational reality. The responses to the questionnaire reflect only the 
opinions of responding individuals who have filled up the questionnaire and 
could have some element of bias. 
67 
Chapter 3 Research Methodology 
• 
• 
Another significant limitation of the survey is the relative homogeneity of the 
respondent managers in the response sample. Majority of the respondents to the 
survey represented the top management in the organizations who held high 
ranking positions such as proprietors, chief executive officer, vice-president, 
general n^anager, plant manager, etc. These respondents could be in the best 
position to opine on the strategic aspects of green supply chain management 
practices. However, lower levels of managers are more involved in the 
operational aspects. Therefore, a good insight on operational issues related to 
GSCM could have been obtained from functional managers. 
There was lack of empirical studies in this field, specifically in Indian context. 
This limitation also affected the research. Such previous studies could have 
made the foundation of this effort even more robust and strong. 
The study focused upon the key business processes related to product 
development, procurement/purchasing, manufacturing, end-of-life management 
of products (reverse logistics), environmental performance evaluation and 
some miscellaneous management practices only. However, there are other 
business processes also that have a bearing on the environmental management 
in an enterprise. For examples, processes like planning and forecasting, 
inventory management, logistics, distribution of final products, after-sales 
support etc. too might impact the environmental performance of an enterprise. 
The inclusion of all of them would have made the study unwieldy. Therefore, 
only key business processes were focused upon. This, too, may be considered 
as a limitation of this study. 
The study was restricted to three industrial sectors. Although these sectors 
represent a significant part of Indian manufacturing sector, still they may 
reflect only partial reality of the entire Indian manufacturing sector. 
3.13 Chapter Summary 
This chapter elucidated the problem statement, scope of the study, research 
objectives, research design and the steps involved in questionnaire development 
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and administration. Research hypotheses framed were also listed. It also explained 
the pattern of analysis and the various research techniques employed in the 
research. Finally, the limitations of the study were highlighted. In the next chapter 
we present the analysis of the survey findings. 
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Chapter 4 
Survey Findings 
4.1 Introduction 
In this chapter, we present results of questionnaire-based survey conducted in three 
sectors of Indian manufacturing industry. This survey was carried out with two 
main objectives: (i) to examine current issues and practices related to 
environmental management, and (ii) to test the validity of some hypotheses, which 
have been formulated in this research. In this chapter, we discuss the key findings 
that have emerged out of the survey, while in the subsequent chapter, survey 
results shall be used to test the hypotheses developed in this research. 
4.2 Responding Companies Profile 
We first present the profile of 146 responding companies (Table 4.1). 
Table 4.1: Responding Companies Profile 
S.No. 
1. 
2. 
3. 
4. 
Description of Data 
Organization type 
Industrial sector 
Organization category 
Number of employees 
Type/Range 
OEM 
Supplier 
Automobile 
Electrical & Electronics 
Chemicals & Paints 
Small Scale 
Medium Scale 
Large Scale 
Less than 100 
101- 500 
501 -1000 
1001 -2000 
More than 2000 
Less than 10 
% age of 
Companies 
46.6 
53.4 
58.2 
32.2 
9.6 
23.3 
40.4 
36.3 
15.8 
39.0 
26.7 
4.8 
13.7 
13.1 
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5. 
6. 
7. 
Turnover for 2006-07 
(in Rupees Crores) 
Average number of 
suppliers 
Listing on Stock 
Exchange 
10-50 
50- 100 
100-500 
500- 1000 
More than 1000 
Less than 5 
6- 10 
11-20 
More than 20 
Listed 
Non-listed 
19.2 
16.4 
30.1 
7.5 
13.7 
6.2 
15.1 
17.8 
60.9 
32.2 
67.8 
4.2.1 Non-response Bias Test 
Before proceeding with analysis of survey results, a test of non-response bias was 
carried out. This test compares answers of the early and late respondents (Lambert 
and Harrington, 1990). What is the logic behind this test? Actually, late 
respondents are more likely to answer the questionnaire like the non-respondents 
than the early respondents (Armstrong and Overton, 1977). Therefore, non-bias 
was assessed by comparing the responses, which were received late after sending 
two or more reminders (total 41 respondents in this case) with the early responses, 
which were received either without a reminder or with one reminder only (105, in 
the present case).The results from the t-test on some key variables of this study 
suggest that the early respondents do not differ significantly from the late 
responses. Therefore, non-response bias is not a cause of concern in this study and 
is, therefore, ruled out. 
4.2.2 Reliability Test 
For each question, wherever applicable, Cronbach's coefficient (Alpha,a) was 
calculated to test the reliability and internal consistency of the responses. Alpha, 
with a value of more than 0.5, is considered to be adequate for exploratory work 
(Nunally, 1978). The values of alpha (a) for all the questions were found to be 
more than 0.5 (Table 4.2). It implies that there exists a high degree of internal 
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consistency in the responses to the questionnaire. The first column of Table 4.2 
refers to the question numbers in the administered questionnaire, which is 
presented as Appendix A1 in this thesis. 
Table 4.2 : Cronbach Coefficient (alpha, a) for Questionnaire 
Question Number 
8 
9 
10 
11 
14 
15 
16 
17 
18 
19 
20 
21 
22 
25 
Number of Items 
11 
16 
15 
17 
9 
11 
25 
12 
11 
11 
9 
15 
15 
15 
Cronbacti Coefficient (a) 
0.806 
0.855 
0.856 
0.847 
0.842 
0.896 
0945 
0.906 
0.869 
0.886 
0.983 
0.935 
0.936 
0.914 
4.3 Survey Findings 
4.3.1 Related to Environmental Concerns 
The survey aimed at assessing the level of importance respondents' attached to 
various environmental concerns in the Indian manufacturing sector. Through 
literature survey and subsequent discussions with experts in industry and 
academicians some environmental concerns were identified and listed in 
questionnaire. Respondents were asked to assign ranks (on five point Likert scale) 
to these environmental concerns on basis of their importance to the manufacturing 
sector of which they are a part. Results of the same are presented in Figure 4.1 
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Figure 4.1: Key Environmental Concerns 
Waste disposal HHJPS 
Air emissions RiPPIPJ 
Eco-iiteracy of the workforce R|P|PPP 
Natural resource depletion R P ^ R 
jwusajte of renewable ener^v ^ ^ H 
sources \^^^^C^/ 
Noise pollution | I IPIP 
Solid waste 1 | | I | | P 
Water pollution W^^f^ 
Hazardous wnste ^ ^ ^ H 
se of hazardous chemicals & B H H 
substances ^ ^ ^ ^ 
Liquid waste i S S i i P 
• ^ ^ 1 0.925 
^^MM^MMMMMMMMMiMM^a 3 82 
^ ^ B w ^ M M M M M M M ^ M ^ ^ 3 8 
^^^MMMM^M^:^MM^Mi^^^ 3 44 
• H H 1.048 
^^&MMMi^^M^M^M^^mM^ 3 41 
^ ^ l ^ H l . l 2 
^^^Wmm/M///M///////MMM/MMy\% 
^^mm//M//M/M/M^^^ 
••••••1.074 
^^^fc«m^«^5mm%5%^^!M^ 3 01 
• ^ • • • B 1.424 
^ ^ • • • 1 . 2 0 2 
^^•^^M^M^M^M^^MI 275 
Std Deviation 
QMean 
0.5 I 1.5 2.5 
From the Figure 4.1, it is evident that wa /^e disposal (Mean = 3.82, Std. Dev. = 
0.925) emerged as the mosr serious concern across sectors, followed by air 
emission (Mean = 3.8, Std. Dev. = 1.172), eco-literacy of the workforce (Mean = 
3.44, Std. Dev. = 1.114), natural resource depletion (Mean = 3.41, Std. Dev. = 
1.048), low usage of renewable energy sources (Mean = 3.18, Std. Dev. = 1.12), 
noise pollution (Mean = 3.11, Std. Dev. = 1.151), solid waste (Mean = 3.07, Std. 
Dev. = 1.074), water pollution (Mean = 3.01, Std. Dev. = 1.24), hazardous waste 
(Mean = 2.79, Std. Dev. = 1.424), use of hazardous chemicals & substances (Mean 
=2.77, Std. Dev. = 1.202) and liquid waste (Mean =2.75, Std. Dev. = 1.156) as the 
least serious concern. Standard deviation values of environmental concerns such as 
waste disposal (0.925), natural resource depletion (1.048) and solid waste (1.074) 
indicate that respondents are consistent in their opinions regarding these issues 
where as respondents highly differ in their opinions regarding other concerns such 
as hazardous waste (1.424), water pollution (1.24) and use of hazardous chemicals 
and substances (1.202). 
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4.3.2 Related to Barriers 
Integrating environmental concerns in business processes entails certain barriers. 
An effective management of barriers would result in successful adoption and 
implementation of green business practices. In this survey, an attempt has been 
made to gain insight into the main barriers affecting integration of environmental 
concerns in key business processes in the Indian context. The survey results of the 
key barriers are presented in the Figure 4.2. 
Figure 4.2: Key Barriers 
Lack of market demand ^MIMM^/m/m^/A'/////////m/mA 3 74 
Lack of preparedness on part of supplier ^^^^^M////////////////////////M////m 3 59 
Inadequate strategic planning W^^M;^mmm/////W//mmi-i'ik 
Lack of appropriate environmental performance indicators metrics ^^^^^/////////////////////M>////////\ 3 45 
Lack of integrated information system W!fM^M?7m//m/M//W//m^ 3.45 
Uck of support and guidance from regulatory authorities ^^!f^!!^!^^M'/////////////////////////A 3,44 
0919 
3.94 
Lack of commitment from lop management 
Inadequate adoption of reverse logistic practices 
Uck of Eco-liletacy amongst supply chain partners ^!f!MBm>mmmmm////////m/mM 3.88 
Lack of Corporate Social Responsibility 1f^^M^////M^WMWMM/m'7m 3.78 
Non adoption of cleaner technology ^^^M^//A'///A'/////////////W/W^ 3.39 
Low level ofsupply chain integration ^f^f^^^M//}/////^//////////MMVAW//A^yi 
Resistance to change and adopt environmental innovation ^^^^^/////////////////////////^/A 3,17 
Restrictive company policies towards product / process stewardship ^^^M^^}//,l^///M/////y>////>//M 3.03 
Financial constraints ^Mf^^}/M//////////////Z'!7;!a 3.03 
Insufficient benefits to justify integration and njnning costs ^^^^^//!/XWW///MWAi>/M>A 2 86 
• Std. Deviation 
0Mean 
0.5 I 1.5 2 2.5 3 3.5 4 4.5 5 
It may be noted that out of 16 barriers, lack of commitment from top management 
(Mean = 4.25, Std. Dev. = 0.739), inadequate adoption of reverse logistic practices 
(mean = 3.94, Std. Dev. = 0.919), lack of eco-literacy amongst supply chain 
partners (Mean= 3.88, Std. Dev. =0.813), lack of corporate social responsibility 
(Mean = 3.78, Std. Dev. = 0.891), lack of market demand (Mean = 3.74, Std. Dev. 
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= 0.863), lack of preparedness on part of suppliers (Mean = 3.59, Std. Dev.= 
0.892), inadequate strategic planning (Mean = 3.56, Std. Dev. = 0.886) have 
emerged as the major barriers. Further, lack of appropriate environmental 
performance indicators metrics (Mean = 3.45, Std. Dev. = 0.847), lack of 
integrated information system (Mean = 3.45, Std. Dev. = 0.903), lack of support 
and guidance from regulatory authorities (Mean = 3.44, Std. Dev. = 1.192), non 
adoption of cleaner technology (Mean = 3.39, Std. Dev. = 0.95), low level of 
supply chain integration (Mean = 3.32, Std. Dev. = 0.894), resistance to change in 
adopting environmental innovation (Mean = 3.17, Std. Dev. 0.92), restrictive 
company policies towards product / process stewardship (Mean = 3.03, Std. Dev. = 
0.961), fmancial constraints (Mean = 3.03, Std. Dev. = 1.192), and insufficient 
benefits to justify integration and running costs (Mean = 2.86, Std. Dev. = 1.005) 
are also the barriers worth taking note of. Standard deviation values of some of the 
barriers such as lack of commitment from top management (0.739), lack of eco-
literacy amongst supply chain partners (0.813), lack of appropriate environmental 
performance indicators metrics (0.847), lack of market demand (0.863), and 
inadequate strategic planning 0.886) indicate that there is consistency in the 
opinions of respondents, where as in case of barriers such as lack of support and 
guidance from regulatory authorities (1.192) and financial constraints (1.192) 
indicate that there is a divergence of opinion among the respondents. 
4.3.3 Related to Benefits 
Integration of environmental concerns in business processes can offer many 
benefits to user companies. Through literature study, some benefits were identified. 
In the present survey, five key benefits (Figure 4.3), in decreasing order of their 
rank, were identified as pollution prevention (Mean = 4.34, Std. Dev.= 0.709), 
improved working environment (Mean = 4.2, Std. Dev.= 0.691), improved 
employees' environmental awareness (Mean = 4.08, Std. Dev.= 0.867), better 
corporate image (Mean = 3.93, Std. Dev.= 0.987), and exploring international 
market (Mean = 3.91, Std. Dev.= 0.946). Improvement in return on investment 
(Mean = 3.08, Std. Dev.= 1.027) received lowest rank among the 15 listed benefits 
by the respondents. 
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Figure 4.3: Key Benefits 
Pollution prevenlion 
Improved working environmenl 
Improved employees' environmental awareness 
Better corporate image 
Exploring international markets 
Reduced risk of litigation 
Better strategic planning through awareness of challenges ahead 
Reduced consumption of resources 
Creating good business relations with customers & other stakeholders 
^ ^ ^ 
Increased social acceptance ^M^B^/////mmm///mm^ 17 
Wsk reductton related to ten^ malion of business WI§/MmmM///mm////mmA 3.7 
mm////mmmmm//M/M i M 
W/m/////m///m/////////m % M 
Increased productivity 
Better competitive advantage through green product/ process 
development 
Reaping economic benefits through carbon trading 
Improvement in Return on Investment W^^^^///////'////////////^ 3.08 
W/))////////////m////////////////M///////////^ 4 34 
W/%//mm/////////m//////m^ 3 gi 
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The standard deviation values for benefits such as improved working environment 
(0.691) and pollution prevention (0.709) show that there is more consistency in the 
opinions of respondents where as in case of benefits such as increased social 
acceptance (1.072) and improvement in return on investment (1.027) indicates that 
there is divergence of opinion among respondents on this account. 
4.3.4 Related to Enablers 
A Number of enablers were identified through literature review and were listed in 
the questionnaire. Respondents were asked to indicate the significance they attach 
to the listed enablers, which might facilitate integration of environmental concems 
in key business processes. Results of the survey (Figure 4.4) indicated that topfwe 
enablers, in their decreasing order of importance, are top management commitment 
(Mean = 4.48, Std. Dev. = 0.656), societal concern for protection of natural 
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environment (Mean = 4.25, Std. Dev.= Q.lll), government policies and 
regulations (Mean = 4.22, Std. Dev. 0.766), eco-literacy amongst the supply chain 
partners (Mean = 4.08, Std. Dev.= 0.895) and customer's demand for/ satisfaction 
through environmental performance improvement. Governmental subsidized 
programs and tax incentives for green products/ processes (Mean ^2.91,JStd. Dev. 
= 1.086), received lowest ranking from the respondents. 
Figure 4.4: Key Enablers 
'-^j 
Customer's demand for/satisfaction through environmental performance ^ 
improvement WMM/?/M///////M///////M////////////////M 4 04 
Cenifiation to ISO: 14001 EMS ^^^Mp7MM/////////////W/////////////A 4 01 
Proper workplace management/ housekeeping practices W!MM7W/////M///////////W/M//W////;M 4 01 
Green product development ^^Mh///m////////////////W/W//W/m 1 98 
Green procurement practices ^^^MMM^//J^W///M//////m////////m 3.91 
Availability of cleaner technology ^^WMF77/M///////W//M/////////////A 3 86 
Lean manufacturing practices ^^M^^mM^///////////////////m//A 3.86 
Economic interests/ cost benefits WM^^7^M/m///W//WW//////////A 3.84 
Eco-labeling of products W^^BMhpM//M/////////////M///////m\%l 
Reverse logistics practices in supply chain ^^^^M'//////y///////////////////////M/PlL 3.79 
Improved competitiveness ^^^M^/////M////^//MM//MW//M 3.71 
Corporate image through environmental responsibility ^^^M^m////////////////////////////A 3.6 
Govt, subsidized program, Tax incentive for green products/processes 
Top management commitment WfMM^MM/////M//WMMMMMW/M///M 4 48 
Societal concern for protection of nataral environment ^^!MMz7-M////M/WW////W/////////////M 4.25 
Government policies & regulations W^f^^MpP7MWM/W/MWW/W///////////A 4.22 
Eco-literacy amongst supply chain partner? ^^M^Mp7m//W///////M/W/M////MM 4 08 
^^^^M//m////////////A 2 91 
BStd. Deviation 
BMean 
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4.3.5 Related to International Management Systems/ Practices 
Integration of environmental concerns in business processes is a complex task. 
There are several international standards, systems and practices that can aid 
integration. Some of these systems/practices were listed in the question number 14 
of the questionnaire. Respondents were asked to indicate the extent of 
implementation of various listed international management systems/ practices in 
their organization. Response options ranged from 1 to 5 on a five-point Likert scale, 
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wherein 1 corresponded to 'not implemented' and 5 indicated 'successful 
implementation'. The survey results (Figure 4.5) indicated that quality 
management system ISO: 9001 (Mean = 4.72, Std. Dev. = 0.63) is the widely 
implemented among the responding organizations. 
Figure 4.5: Implementation of International Management Systems/ Practices 
Quality Management System ISO 
9001 
Workplace management system • 
5S 
Emergency Preparedness Plan 
Enterprise Resource Planning 
(ERP) 
Environmental Management 
System ISO: 14001 
Lean manufacturing 
Total Quality Management (TQM) 
Total Productive Maintenance 
(TPM) 
Occupational Health and safety 
Management System OHSAS: 
18001 
• Std. Deviation 
BMean 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 
This is followed by 5S (Mean = 3.88, Std. Dev.= 1.086), emergency preparedness 
plan (Mean =3.73, Std. Dev. = 1.177), ERP (Mean = 3.34, Std. Dev.= 1.377), ISO 
14001 (Mean = 3.32, Std. Dev. = 1.656), lean manufacturing (Mean = 3.19, Std. 
Dev. = 1.176), TQM (Mean =3.17, Std. Dev. = 1.501), TPM (Mean = 3.01, Std. 
Dev.= 1.395) and the least implemented system was OHSAS: 18001 (Mean 2.32, 
Std. Dev.= 1.58). 
4.3.6 Related to Purchasing Practices 
Successful design and implementation of GSCM requires active participation of 
suppliers and vendors along with green procurement practices of the organization. 
To assess the current status of green procurement practices and greening of 
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suppliers, relevant issues were listed in question number 15 of the questionnaire. 
Results of the same have been presented in Figure 4.6. Procurement of energy 
efficient capital goods (Mean = 3.7, Std. Dev. = 1.026) emerged as the widely used 
practice in most organization. Purchase of energy-saving office automation 
appliances has also being used by the companies. Rarely used practices, as per the 
survey findings, are arranging funds to help suppliers purchase equipments for 
pollution prevention (Mean =2.14 Std. Dev. = 1.166), requiring suppliers and 
contractors to undertake environmental measures (Mean = 2.64, Std. Dev. = 
1.225), assessing the environmental performance of the suppliers (Mean = 2.69, 
Std. Dev. = 1.184), educating suppliers on the techniques to improve their 
environmental performance (Mean = 2.74, Std. Dev. = 1.175), and purchase of 
products that have environmental label (Mean = 2.76, Std. Dev. 1.128). The 
findings indicated a need to focus on a large number of key issues related to green 
purchasing, which as of now have not been as widely implemented as was 
desirable. 
Figure 4.6: Key Purchasing Practices 
Procurement of energy efficienl capital goods 
Purchase of energy-saving office aulomalion appliances 
Reuse of pacbging materials/ taking back packaging 
Substitution of environmentally questionable materials 
Green procurement: Purchase of products that have less environmental 
load 
Engaging in supply chain management 
Purchase of products that have environmental label 
Educating suppliei^ the techniques to improve their environmental 
performance 
Assessing the environmental performance of the suppliers 
Requiring suppliers and contractors to undertake environmental 
measures 
Arranging for fimds to help suppliers to purchase equipments for 
pollution prevention, waste water recycling etc 
• Std. Deviation 
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4.3.7 Related to Environmental Management Practices 
Greening encompasses a variety of practices pertaining to environmental 
management, operations management, performance management, etc. These 
practices were identified and listed in question number 16 of the questionnaire. To 
assess the current state of implementation, respondents were asked to indicate the 
extent of implementation of these practices in their organization. Response scale 
ranged from 1 to 5 wherein 1 meant 'not implemented' and 5 represented 
'successful implementation'. Results of the survey have been presented in Figure 
4.7. Some of the widely used practices in most organizations are safe handling and 
storage of products & materials (Mean= 3.8, Std. Dev. = 1.23), written 
environmental policy (Mean =3.74, Std. Dev. =1.4), assignment of roles & 
responsibilities w.r.t. environmental programs (Mean =3.62, Std. Dev. =1.271), 
environmental training program for employees (Mean =3.47, Std. Dev. =1.298). 
Use of cleaner technology/ production processes (Mean 3.44, Std. Dev. =1.215), 
internal environmental audit (Mean 3.44, Std. Dev. =1.419), external 
environmental audits (Mean 3.31, Std. Dev. =1.427), environmental policy beyond 
compliance (Mean 3.28, Std. Dev. =1.322), environmental improvement of 
packaging (Mean 3.2, Std. Dev. =1.284), setting of quantifiable environmental 
objectives (Mean 3.14, Std. Dev. =1.302) emerged as practices that have been 
moderately followed. 
Results also indicated rarely used practices. These practices are carbon trading 
initiatives (Mean 1.91, Std. Dev. =0.894), use of waste material of other companies 
(Mean 2.03, Std. Dev. =1.318), recovery of the company's end-of-life products 
(Mean 2.24, Std. Dev. =1.304), public environmental reporting (Mean 2.29, Std. 
Dev. =1.303), eco-labeling of products (Mean 2.29, Std. Dev. =1.243), life cycle 
assessment (Mean 2.31, Std. Dev. =1.207), use of balanced-scorecard for 
environmental performance measurement (Mean 2.32, Std. Dev.=1.323), 
environmental accounting (Mean 2.57, Std. Dev. =1.302), environmental criteria 
used in the performance reviews of employees (Mean 2.77, Std. Dev. =1.202) and 
benchmark environmental performance(Mean 2.89, Std. Dev. =1.249). The 
standard deviation values of most of these practices indicated that respondents 
80 
Chapter 4 Survey Findings 
have high divergence of opinions regarding these options. The findings indicated a 
low level of acceptance of these green business practices and need to deepen 
spread of them among responding organizations. 
Figure 4.7: Environmental Management Practices / Green Business Practices 
Safe handling and storage of products & materials 
Written environmental policy 
Assignment of roles & responsibilities wrt environmental programs 
Environmental training program for employees 
Use of cleaner technology/ production processes 
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Environmental improvement of packaging 
Setting of quantifiable environmental objectives 
Continuous Improvement 
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4.3.8 Related to Manufacturing Practices 
Manufacturing processes are critical in assessing an organisation's capability to 
address environmental concerns. Manufacturing processes affect the environment 
by producing pollutants and consuming natural resources. To assess the importance 
attached to various process related factors while selecting the manufacturing 
processes, the respondents were asked to indicate their preferences. 
Figure 4.8: Key Manufacturing Practices 
Optimization of process parameters 
Wastage control 
Optimization of materia] transfers 
(material handling /movements) 
Optimization of processes for 
energy efficiency 
Minimum production changeovers 
Designing/Optimization of 
processes to reduce air emissions 
Designing/Optimization of 
processes to reduce solid waste 
Designing/Optimization of 
processes to reduce water use 
Designing/Optimization of 
processes to reduce noise 
Wastage recovery e.g. waste- to -
energy 
Recycling of materials internal to 
the company 
Segregate 'by-product' at source 
I Std. Deviation 
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From Figure 4.8 it has been noted that optimization of process parameters (Mean = 
4.01, Std. Dev. 0.906) has emerged as most important followed by waste control 
(Mean = 3.96, Std. Dev.= 1.023), optimization of material transfers (Mean = 3.71, 
Std. Dev. 0.941), optimization of process for energy efficiency (Mean = 3.69, Std. 
Dev.= 1.021), minimum production changeovers (Mean = 3.68, Std. Dev.= 0.982), 
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designing/optimization of process to reduce air emissions (Mean = 3.6, Std. Dev.= 
1.048), optimization of processes to reduce solid waste (Mean = 3.53, Std. Dev.= 
1.025), optimization of processes to reduce water use (Mean = 3.51, Std. Dev.= 
1.019), optimization of processes to reduce noise (Mean = 3.46, Std. Dev.= 1.09), 
wastage recovery e.g. waste-to-energy (Mean = 3.24, Std. Dev.= 1.261), recycling 
of materials internal to the company (Mean = 3.01, Std. Dev.= 1.254), and 
segregate 'by-product' at source (Mean = 2.99, Std. Dev.= 1.209) was found to be 
given the least importance. 
4.3.9 Environmental Responsiveness in Non-manufacturing Areas 
This study attempted to ascertain importance assigned to the various activities in 
the non-manufacturing areas of the organization (listed in question number 19). 
Figure 4.9: Environmental Management Practices in Non-manufacturing 
Areas 
Saving eleclricity (introducing daylight-, auto switch offeciuipments 
vMt not in use) 
Save water (e.g. water harvesting, reuse of water) 
Reduced use of hazardous chemicals and substaiKes 
Reduce wastes/ minimization of production of wastes 
Drive in environmentally-friendly way when driving company car 
Save paper, moving towards paperless office 
Choose responsible contractor for waste treatment 
Design environmentally-sound building 
Participate and support community activities to demonstrate collective 
environmental responsibility 
Separate trash and recycle 
Use of recycled paper 
• Std Deviation 
QMean 
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The results (Figure 4.9) indicated that saving electricity (through introducing 
daylight, auto switch off equipments while not in use etc.) emerged as the widely 
practiced activity (Mean =3.53, Std. Dev. = 1.14). Use of recycled paper (Mean = 
2.55, Std. Dev. =1.157) has been given the least importance. 
4.3.10 Related to Reverse Logistics Operations/ Practices 
Concerns for the environment have led many organizations to adopt reverse 
logistics operations and redesign all the activities of product cycle to align them to 
eco-compatible values. In this regard, respondents were asked to indicate the extent 
to which various reverse logistics operations/ practices have been integrated in 
their business operations. 
Figure 4.10: Reverse Logistics Operations/Practices 
Reduce 
Reuse B ^ ^ ^ 
Relocate W^ffff^ 
Recover B B ^ S j J 
Reprocess WfX^m^ 
Return to Nature ^ ^ B ^ ^ 
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The results (Figure 4.10) indicated that reduce (Mean = 3.45, Std. Dev. = 1.096), 
redesign (Mean = 3.26, Std. Dev. = 1.181) replace (Mean = 3.05, Std. Dev. = 1.171) 
and reuse (Mean = 3.01, Std. Dev. = 1.174) approaches were reported as 
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moderately integrated and practiced. All other listed approaches are hardly being 
adopted. Standard deviation values of all the options indicate that respondents have 
high divergence of opinion regarding these options. These findings are a pointer 
that reverse logistics operations/ practices are still in an infancy stage among 
responding companies. 
4.3.11 Related to Product Design 
Products design while meeting cost, quality, and performance goals are also 
required to reduce environmental impacts and conserve valuable resources. Most 
of the environmental influences of any product or material are locked into the 
product at the design stage of a product, when materials and processes are selected 
and product environmental performance is largely determined (Lewis and 
Gretsakis, 2001). Jimenez & Lorente (2001) have strongly advocated for the 
inclusion of environmental performance as an objective in the product design 
phase, together with quality specifications. Design for Environment (DfE) 
approach aims at getting more value out of the raw materials as well as the 
products, while producing less waste and less pollution over the entire product life. 
A large number of approaches form part of DfE. In order to assess the importance 
accorded to various DfE approaches, the respondents were asked to indicate their 
responses on listed options. Results of the survey (Figure 4.11) indicate that the 
approach to reduce the amount of raw materials (Mean = 4.01, Std. Dev.= 0.94) is 
the most widely adopted approach, followed by hazardous material use 
minimization (Mean = 3.77, Std. Dev.= 1.081), design the product to enable easy 
repair (Mean = 3.69, Std. Dev.= 1.015), design for energy efficiency (Mean = 3.65, 
Std. Dev.= 1.05), design the product to accommodate multiple future users (Mean 
= 3.62, Std. Dev.= 0.988), design the product for easy disassembly (Mean = 3.51, 
Std. Dev.= 1.005), design for ease for disposability (Mean = 3.38, Std. Dev.= 
1.099), design the product to enable ease in recycling (Mean = 3.28, Std. Dev.== 
1.0), and design for ease in re-manufacturing is the least adopted design for 
environment approach (Mean = 3.24, Std. Dev.= 1.136). 
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Figure 4.11: Design for Environment (DfE) / Green Product Design 
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4.3.12 Related to Monitoring of Environmental Performance 
Multiple criteria and approaches can be employed to evaluate a firm's 
environmental performance. Literature review and discussions with experts helped 
crystallise some of the environmental performance indicators that were listed as 
question number 21 of the questionnaire. The respondents were asked to indicate 
frequency of use of these indicators in monitoring environmental performance. The 
results (Figure 4.12) indicated that electricity consumption (Mean = 4.2, Std. Dev. 
=1.074), raw material consumption (Mean = 4.2, Std. Dev. =1.178), and/we/ 
consumption (Mean = 4.11, Std. Dev. =1.175) emerged as three most regularly 
monitored environmental performance indicators. Whereas, the rarely monitored 
EPl are use of recycled and renewable materials i.e.-recyciing and reuse levels of 
materials (Mean = 2.74, Std. Dev. = 1.238) and eco-literacy of employees (Mean = 
2.91, Std. Dev. = 1.286). 
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Figure 4.12: Monitoring of Environmental Performance Indicators (EPI) 
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4.3.13 Related to Improvement in Environmental Performance 
Respondents were also asked to indicate the improvements achieved by their 
organizations during last two years as a result of regular monitoring of the EPI on a 
five-point Likert scale. Results (Figure 4.13) indicated that raw material 
consumption (Mean = 3.72, Std. Dev. = 1.173), electricity consumption (Mean = 
3.62, Std. Dev. = 1.038) and/we/ consumption (Mean = 3.58, Std. Dev.= 1.049) 
emerged as three top EPI in which major improvements were achieved. These three 
indicators are the same, which were found as the most regularly monitored 
environmental performance indicators, as already reported in Figure 4.12. This 
shows that regular monitoring of EPI ensured significant improvements in them as 
well. 
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Figure 4,13: Improvement in Environmental Performance 
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4.3.14 Related to Support Expected from Government 
Environmental laws and regulations provide a framework for companies to operate. 
They are also considered as the important instruments for sustainable development. 
Through literature survey and discussions with opinion leaders, such areas were 
identified, which might require governmental support for environmental 
management of business operations. These areas were listed in question 25 of the 
questionnaire. Respondents were asked to indicate the level of support and 
guidance they expect from regulatory authorities in the listed areas on a five-point 
Likert scale. Results (Figure 4.14) indicate that the green purchasing by 
government (Mean = 4.09, Std. Dev. = 1.023), encouraging self-assessment of 
regulatory compliance (Mean = 3.96, Std. Dev. = 0.878), expediting environmental 
clearance/ permits (Mean = 3.93, Std. Dev. =0.987), and promotion of 
environmental labels/ Eco-marks (Mean = 3.93, Std. Dev. = 1.035) were the key 
areas where governmental support was needed and expected. Financial support for 
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establishing environmental management system (Mean = 3.03, Std. Dev 
was mentioned as requiring only moderate governmental support. 
.32) 
Figure 4.14: Areas Requiring Governmental Support 
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4.3.15: Budgetary Provisions for Environmental Concerns 
The respondents were asked about the earmarked budgetary provisions for 
addressing the environmental concems in their organizations. 52J % of the 
responding companies had no budgetary provisions. Whereas, 4.8 % of them had 
budgetary provision less than 2%, 11.6% had budgetary provisions ranging from 2 
to 4%, 23.9 % had earmarked 4 to 6%, while 2.1% had provided 6 - 8% of their 
allocations for environmental support activities. Only 4.9% respondents had 
budgetary provisions ranging from 8-10% (Figure 4.15). 
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Figure 4.15: Budgetary Provisions for Environmental Concerns 
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4.3.16 Hierarchical Ownership for Environmental Management 
The respondents were asked about the management level that best describe the 
ownership of the environmental management in their organizations. 65.1% of the 
respondents had indicated that the ownership for the environmental management 
activities rest on the senior management, 31.5 % had indicated middle 
management level and 3.4 % had responded for junior management level (Figure 
4.16). 
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Figure 4.16: Hierarchical Ownership for Environmental Management 
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4.3.17 Environmental Performance Measurement Activities 
The respondents were asked to indicate the frequency at which the environmental 
performance was being measured in their organizations. 39.7% responded that the 
environmental performance measurement is a continuous process, 32.2 % reported 
that it is being measured 3- 4 times a year, 15.1 % indicated that it is being 
measured once a year only, while in 13% of the responding companies it is seldom 
being measured (Figure 4.17). 
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Figure 4.17: Frequency of Environmental Performance Measurement Activities 
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4.3.18 Use of Environmental Performance Results 
What is the net use of results obtained through environmental performance 
measurement? Is it being put to good use? The responses indicated that 24.65% of 
the responding companies did use them for strategic planning, 15.75% used them 
for tactical planning, while 37.7% of them used it for operational planning only. 
21.9 % were not sure of its use in any way (Figure 4.18), indicating that measured 
data is not put to good use. 
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Figure 4.18: Use of Environmental Performance Measurement Results 
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4.4 Discussion 
In this chapter, we presented results of the questionnaire-based survey on current 
environmental management practices followed in Indian companies. Waste 
disposal emerged the top most environmental concern amongst the respondent 
companies. This finding is in line with results of an empirical study by Rao and 
Holt (2005), on South East Asian companies, wherein they found that companies 
in developing regions face the problem of how to dispose off the waste generated 
from their business operations. Results revealed that the Indian manufacturing 
companies are slow on integrating environmental concerns in their business 
processes. These finding are also consistent with the findings of Bowen et al. 
(2001). They observed that there seems to be a gap between the desirability of 
cleaner environment in awareness or theory and the slow implementation of green 
practices at the aggregate level across enterprises. 
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Pollution prevention emerged as the key benefit Indian companies perceive from 
integrating environmental concerns in business processes. This corroborates the 
findings of the study conducted by Florida (1996) in US manufacturing companies, 
in which 75% of the total 212 respondents identified pollution prevention as key 
benefit to their overall corporate performance. The survey findings suggest that 
Indian companies appear less inclined to adopt reverse logistics practices. A piece-
meal approach of adoption of such practices is evident in these companies. These 
findings are consistent with the results of an empirical study conducted in China by 
Zhu and Sarkis (2004), which observed that manufacturers in developing countries 
have made some progress on GSCM, but reverse SCM practices are generally at an 
early adoption stage. Manufacturers appeared less participative towards greening 
their suppliers. Suppliers have a pivotal role in greening the operations. Indian 
manufacturers need to play a proactive role. They need to monitor their suppliers' 
environmental activities to reap desired results in greening efforts. Top 
management's commitment with clear vision and long term planning in this arena 
can bring desired changes in Indian manufacturing sector. This shall ensure 
sustainable development. 
Low eco-literacy level amongst the supply chain partners is a matter of concern for 
majority of the organizations. Therefore, there is a need to address this barrier to 
realize benefits associated with environmental management. Companies that 
regularly monitored their environmental performance achieved significant 
improvement in their environmental performance indicators. It further strengthens 
the traditional management maxim stating that work that gets measured gets 
managed. Since, the performance measurement of any system is a key element in 
enabling the process of performance measurement, performance monitoring, 
performance improvement, and performance documentation; the survey findings 
call for consistency on this account. 
Modem management approaches and tools such as benchmarking environmental 
performance, use of balanced scorecard for environmental performance 
measurement, environmental accounting, life cycle assessment (LCA), carbon 
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trading initiatives, environmental criteria in employees' performance reviews have 
been found to be almost non- existent in majority of responding organizations. 
These tools and approaches could be instrumental in better decision making, both 
from environmental and economic perspectives. Specially, carbon trading, which is 
an emerging area, can offer enormous opportunities for Indian companies both in 
terms of revenue generation and environmental protection. Carbon trading, also 
known as trading of carbon credits, is a concept that promotes the generation of 
credits by companies in developing countries who reduce their greenhouse gas 
(GHG) emissions by shifting to cleaner technologies. Trading of carbon credits 
happens in the form of CERs or Certified Emissions Reductions (Agarwal, 2006). 
A CER is given by the Clean Development Mechanism (CDM) Executive Board to 
projects in developing countries to certify that they have reduced greenhouse gas 
emissions by one tonne of carbon dioxide per year (Agarwal, 2006). This credit 
that the company obtains is called carbon credit and can be traded worldwide on 
exchanges, like any other commodity. Green purchasing by government and 
encouraging organizations for self-assessment of regulatory compliance can be of 
significant support for effective environmental management and implementation of 
green practices. 
4.5 Chapter Summary 
In this chapter, we assessed the status of green supply chain management practices 
being followed in Indian companies. The findings reported a willingness of Indian 
Industries to adopt green practices. Top management need to take proactive 
measures to shift the focus from integrating only product quality parameters into 
various business processes as demanded by the customers to integrating 
environmental quality parameters as desired by the all the stakeholders. Such an 
orientation shall play a decisive role in sustainable development. In the next 
chapter, we present results obtained through testing of various hypotheses framed 
for this study. 
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5.1 Introduction 
Indian manufacturing industry lias started taking initiatives towards improving the 
environmental performance of tlieir business operations and turning them into 
'green'. This is expected to help them survive in highly competitive global market. 
In the previous chapter, findings of questionnaire-based survey have been 
presented. In this chapter, we test hypotheses that have been formulated for this 
study and were presented in Chapter 3. These hypotheses are tested using relevant 
statistical tests. For testing the formulated hypotheses, we leveraged responses 
obtained through questionnaire-based survey. 
5.2 Formulation of Research Hypotheses 
For this study, three sets of hypotheses were formulated. In total, there are twenty 
four hypotheses. The first set of hypotheses (hypothesis 1- hypothesis 8) was 
related to green practices. This set of hypotheses focused on establishing 
relationship among varied green practices. The second set of hypotheses 
(hypothesis 9 - hypothesis 14) focused on similarities/dissimilarities with regard to 
select green practices across selected industrial sectors as also varied type of 
enterprises like, OEM & suppliers, listed and non-listed companies and their scale 
of operation (SMEs and Large enterprises). The third set of hypotheses (hypothesis 
15 - hypothesis 24) sought to establish relationship between and among two factors 
that are expected to drive one another. 
5.3 Hypotheses Testing 
Statistical tools like, regression analysis, t-tests, ANOVA and correlations have 
been used to test the hypotheses on SPSS (Version 13.0) software. In multiple 
linear regression analysis any number of variables may be used as predictors 
(independent) in order to find out their influence on the chosen dependent variable. 
It is important to find variables that significantly influence the dependent variable. 
SPSS has procedures, such as forward entry method, by which only significant 
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predictors will be entered into the regression analysis (George and Malleriy, 1999). 
In regression analysis with forward entry method, many numbers of independent 
variables can be designated with a dependent variable. Regression analysis 
computes predictors (independent variables) one by one based on their bivariate 
correlation with the dependent variable. Predictor, which has the highest bivariate 
correlation with the dependent variable, is computed first. Secondly, the analysis 
incorporates other independent variable that account for greatest amount of 
additional variance. This process continues until no additional variable 
significantly explains additional variance. Regression analysis, by default, ceases 
to add new variables when there are no additional variables that explain a 
significant portion of additional variance. This stage arrives when p value 
associated with the inclusion of an additional variable increase above the 0.05 level 
of significance (George and Malleriy, 1999). 
In regression analysis the value of R indicates the strength of relationship between 
the independent variables and the dependent variable. The squared value of R i.e. 
R^  yields a value that represents proportion of variation in the dependent variable 
that is explained by the independent variables (George and Malleriy, 1999). 
A t-test helps to assess whether the means of two sample distributions differ 
significantly from each other (George and Malleriy, 1999). SPSS enables running 
of various t-tests, such as independent-samples t-test which compares the means of 
two different samples. These two samples need to share some variable of interest 
in common, but there is no overlap between memberships of the two groups 
(George and Malleriy, 1999). To determine if there is a significant difference 
between the two distributions, the test measures the probability associated with the 
difference between the groups. The value of 2-tailed significance less than 0.05 
indicate a substantial and significant difference between the two distributions 
(George and Malleriy, 1999). 
Analysis of variance (ANOVA) is carried out for comparing means of many 
samples in order to see if there is sufficient evidence to infer that the means of 
these samples differ significantly. SPSS with one-way ANOVA generates a 
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significance value indicating whether there are significant differences within the 
comparisons being made. 
Correlations tests help in measuring the linear relationships between the variables. 
In correlation tests like the other statistical tests, a significance or probability is 
computed to determine the likelihood that particular correlation could occur by 
chance. The significance (or p value) represents the degree of rarity of a certain 
result. A significance less than 0.01 (p less than 0.01) means that there is less than 
a 1% chance that this relationship occurred by chance. SPPS has two different 
significance measures, one-tailed and two-tailed significance. Two-tailed 
significance is generally followed while comparing the correlations between the 
variables in which there is little idea of the direction (positive or negative) of the 
correlations otherwise one-tailed significance is used (George and Mallerly, 1999). 
In the present work, for testing the first eight hypotheses multiple linear regression 
analysis has been carried out. For testing the validity of hypothesis number 9, 10 & 
II both independent-samples t-test and ANOVA have been conducted. 
Hypotheses 12 and 13 have been tested for validity with independent-samples t-test. 
Rests of hypotheses, from number 14 to 24, are tested using correlations. For quick 
and easy reference, each of the proposed hypotheses is re-stated before presenting 
its test result. 
Hypothesis 1: Green procurement practices in an organization are positively 
influenced by (i) green product development, (ii) adoption of reverse logistics 
practices, and (Hi) customers' demand for environmental performance 
improvement. 
For testing this hypothesis, a multiple linear regression analysis was carried out. 
The results of the analysis are shown in Table 5.1. In this analysis, 'green 
procurement practices' was taken as dependent variable. The independent variables 
taken were 'green product development', 'adoption of reverse logistics practices', 
and 'customer's demand for environmental performance improvement'. 
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Table 5.1: Test Results for Hypothesis 1 
(Constant) 
Customer's demand for 
environmental performance 
improvement (11 C) 
Adoption of Reverse logistics 
practices (11 0) 
Green product development 
(UJ) 
Unstandardized 
Coefficients 
B 
1.298 
0.273 
0.190 
0.198 
Std. Error 
0.391 
0.071 
0.073 
0.084 
Standardized 
Coefficient 
Beta 
0.303 
0.201 
0.183 
t 
3.322 
3.826 
2.590 
2.374 
Sig. 
0.001 
0.000 
0.011 
0.019 
R^  = 0.258. Dependent variable: Green procurement practices (11 D) 
The regression model derived from this analysis is: 
Green procurement practices = 1.298 +0.273 (Customer's demand for 
environmental performance improvement) + 0.190 (Adoption of Reverse logistics 
practices) + 0.198 (Green product development). 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted. 
Hypothesis 2: Certification to ISO: 14001 Environmental Management System is 
positively influenced by (i) green procurement practices, (ii) customer's demand 
for environmental performance improvement, and (Hi) governmental subsidized 
program/tax incentive for green products/processes. 
For the testing this hypothesis (Table 5.2), 'certification to ISO: 14001 
Environmental Management System' was taken as dependent variable. The 
independent variables taken were 'green procurement practices', 'customer's 
demand for environmental performance improvement' and 'governmental 
subsidized program/tax incentive for green products/processes'. 
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Table 5.2: Test Results for Hypothesis 2 
(Constant) 
Green procurement practices 
(11 D) 
Customer's demand for 
environmental performance 
improvement (11 C) 
Governmental subsidized 
program/tax incentive for 
green products/ processes 
(UN) 
Unstandardized 
Coefficients 
B 
1.176 
0.311 
0.237 
0.207 
Std. Error 
0.385 
0.089 
0.079 
0.057 
Standardized 
Coefficient 
Beta 
0.277 
0.235 
0.260 
t 
3.054 
3.509 
3.002 
3.628 
Sig. 
0.003 
0.001 
0.003 
0.000 
R^  = 0.288 Dependent variable: Certification to ISO: 14001 Environmental 
Management System (11 B) 
The model derived from this analysis is: 
Certification to ISO; 14001 Environmental Management System = 1.176 + 0.311 
(Green procurement practices) + 0.237 (Customer's demand for environmental 
performance improvement) + 0.207 (Governmental subsidized program/tax 
incentive for green products/processes). 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted. 
Hypothesis 3: Organizational environmental competitiveness is positively 
influenced by (i) eco-labeling of products, (ii) green product development, and (Hi) 
availability of cleaner technology. 
For testing this hypothesis, results of which are presented in the Table 5.3, 
'environmental competitiveness' was taken as dependent variable. The 
independent variables taken were 'eco-labeling of products', 'availability of 
cleaner technology' and 'green product development'. 
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Table 5.3: Test Results for Hypothesis 3 
(Constant) 
Eco-labeling of products 
(IIP) 
Availability of cleaner 
technology (11 K) 
Green product 
development (11 J) 
R^  = 0.350 Dependent v 
Unstandardized 
CoefTlcieDts 
B 
0.530 
0.379 
0.237 
0.204 
ariable: 
Std. Error 
0.395 
0.075 
0.079 
0.089 
Standardized 
Coefficient 
Beta 
0.381 
0.222 
0.169 
t 
1.343 
5.081 
2.981 
2.302 
Environmental competitiveness (11 L 
Sig. 
0.181 
0.000 
0.003 
0.023 
) 
The model derived from this analysis is: 
Environmental competitiveness = 0.530 + 0.379 (Eco-labeling of products) + 
0.237(Availability of cleaner technology) + 0.204 (Green product development). 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted 
Hypothesis 4: Pollution prevention activities are positively influenced by (i) 
reverse logistics practices in supply chain, (ii) top management commitment, and 
(Hi) economic benefits through carbon trading. 
In the testing of this hypothesis (Table 5.4), 'pollution prevention' was been taken 
as the dependent variable and other variables such as 'reverse logistics practices in 
supply chain', 'top management commitment' and 'economic benefits through 
carbon trading' were taken as independent variables. 
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Table 5.4: Test Results for Hypothesis 4 
(Constant) 
Reverse logistics practices 
in supply chain (11 0) 
Top management 
commitment (11 I) 
Economic benefits through 
Carbon trading (10 0) 
Unstandardized 
Coefficients 
B 
2.326 
0.174 
0.206 
0.132 
Std. Error 
0.424 
0.071 
0.089 
0.060 
Standardized 
Coefficient 
Beta 
0.200 
0.191 
0.174 
t 
5.493 
2.458 
2.323 
2.207 
Sig. 
0.000 
0.015 
0.022 
0.029 
R^= 0.150 Dependent variable: Pollution prevention (IOC) 
The model derived from this analysis is: 
Pollution prevention = 2.326 + 0.174 (Reverse logistics practices in supply chain) 
+ 0.206 (Top management commitment) + 0.132 (Economic benefits through 
carbon trading). 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted. 
Hypothesis 5: Market demand for green products is negatively influenced by (i) 
lack of support and guidance from regulatory authorities, (ii) lack of eco-literacy 
amongst the supply chain partners, and (Hi) inadequate adoption of reverse 
logistics practices. 
For testing this hypothesis (Table 5.5), 'lack of market demand for green products' 
was considered as the dependent variable. The independent variables taken were 
'inadequate adoption of reverse logistics practices', 'lack of support and guidance 
from regulatory authorities' and 'lack of eco-literacy amongst the supply chain 
partners'. 
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Table 5.5: Test Results for Hypothesis 5 
(Constant) 
Inadequate adoption of 
reverse logistics practices 
(9C) 
Lack of support and guidance 
from regulatory authorities 
(9H) 
Laclc of eco-literacy amongst 
the supply chain partners (9E) 
Unstandardized 
Coefficients 
B 
1.486 
0.231 
0.174 
0.219 
Std. Error 
0.351 
0.077 
0.055 
0.084 
Standardized 
Coefficient 
Beta 
0.246 
0.241 
0.206 
t 
4.234 
3.007 
3.174 
2.601 
Sig. 
0.000 
0.003 
0.002 
0.010 
R^  = 0.248 Dependent variable: Lack of market demand for green products (9B) 
The model derived from this analysis is: 
Lack of market demand for green products = 1.486 + 0.231 (Inadequate adoption 
of reverse logistics practices) + 0.174 (Lack of support and guidance from 
regulatory authorities) + 0.219 (Lack of eco-literacy amongst the supply chain 
partners). 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted. 
Hypothesis 6: Proactive environmental policy (even beyond compliance to 
legislative requirements) is facilitated by (i) environmental accounting, (ii) 
balanced scorecard for environmental performance measurement, and (Hi) 
environmental criteria in the performance review of employees. 
For testing this hypothesis (Table 5.6), 'proactive environmental policy beyond 
compliance to legislative requirements' was considered as the dependent variable. 
The independent variables taken were 'environmental criteria in the performance 
review of employees', 'environmental accounting', and 'balanced scorecard for 
environmental performance measurement'. 
103 
Chapter 5 Hypotheses Testing 
Table 5.6: Test Results for Hypothesis 6 
(Constant) 
Environmental criteria in 
the performance review of 
employees (16E) 
Environmental accounting 
(16L) 
Balanced scorecard for 
environmental 
performance measurement 
(16T) 
Un-sta 
Coei 
B 
1.071 
0.437 
0.233 
0.164 
ndardized 
ficients 
Std. Error 
0.231 
0.084 
0.079 
0.076 
Standardized 
Coefficient 
Beta 
0.396 
0.231 
0.165 
t 
4.640 
5.178 
2.936 
2.169 
Sig. 
0.000 
0.000 
0.004 
0.032 
R^  = 0.426 Dependent variable: Proactive environmental policy beyond 
compliance to legislative requirements (16B) 
The model derived from this analysis is: 
Proactive environmental policy beyond compliance to legislative requirements = 
1.071 + 0.437 (Environmental criteria in the performance review of employees) + 
0.233 (Environmental accounting) + 0.164 (Balanced scorecard for environmental 
performance measurement) 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted. 
Hypothesis 7: Continuous improvement in organization's environmental 
performance is positively influenced by (i) assignment of roles and responsibilities 
with respect to environmental programs, (ii) setting of quantifiable environmental 
objectives, and (Hi) benchmarking environmental performance. 
For testing this hypothesis, a multiple linear regression was carried out. The results 
of the analysis are shown in Table 5.7.In this analysis, 'continuous improvement of 
organization's environmental performance' was taken as dependent variable. The 
independent variables taken were 'roles and responsibilities with respect to 
environmental programs 'quantifiable environmental objectives' and 
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'benchmarking environmental performance' 
Table 5.7: Test Results for Hypothesis 7 
(Constant) 
Quantifiable environmental 
objectives (16F) 
Benchmarking environmental 
performance (16T) 
Roles and responsibilities 
with respect to environmental 
programs (16C) 
Un- standardized 
Coefficients 
B 
0.523 
0.276 
0.270 
0.244 
Std. Error 
0.262 
0.097 
0.085 
0.099 
Standardized 
Coefficient 
Beta 
0.272 
0.255 
0.234 
t 
1.996 
2.858 
3.174 
2.450 
Sig. 
0.048 
0.005 
0.002 
0.016 
R^  = 0.435 Dependent variable: Continuous improvement of organization's 
env ironmental performance (16Q) 
The model derived from this analysis is: 
Continuous improvement of organization's environmental performance = 0.523 + 
0.276 (Quantifiable environmental objectives) +0 .270 (Benchmarking 
environmental performance) + 0.244 (Roles and responsibilities with respect to 
environmental programs). 
As all the independent variables in the model influence the dependent variable at a 
high significance level (p values are less than 0.05), the hypothesis is accepted. 
Hypothesis 8: Risk reduction related to termination of business owing to 
environmental issues is positively influenced by (i) pollution prevention, (ii) 
reduced risk of litigation, and (Hi) increased productivity. 
A multiple linear forward regression analysis was carried out to test this hypothesis. 
The results obtained are presented in Table 5.8. In the test the dependent variable 
was 'risk reduction related to termination of business' and the independent 
variables were: 'pollution prevention', 'reduced risk of litigation' and 'increased 
productivity'. The results of this analysis are explained in Table 5.8. 
105 
Chapter 5 Hypotheses Testing 
Table 5.8: Test Results for Hypothesis 8 
(Constant) 
Increased productivity 
(10 M) 
Reduced risk of 
litigation (10 E) 
Pollution prevention 
(IOC) 
Unstandardized 
Coefficients 
B 
0.828 
0.304 
0.193 
0.233 
Std. Error 
0.392 
0.064 
0.067 
0.900 
Standardized 
Coefficient 
Beta 
0.345 
0.220 
0.204 
t 
2.112 
4.728 
2.894 
2.600 
Sig. 
0.036 
0.000 
0.004 
0.010 
R^  = 0.302 Dependent variable: Risk reduction related to termination of 
business (ION) 
The model derived from the analysis is: 
Foreclosing risk termination to business = 0.828 +0.304 (Increased productivity) + 
0.193 (Reduced risk of litigation) + 0.233 (Pollution prevention). 
As the independent variables included in the model influence the dependent 
variable at a high significance level (p values are less than 0.05), the hypothesis is 
accepted. 
Hypothesis 9(a): OEM and suppliers differ significantly in considering lean 
manufacturing practices as an enabler to the integration of environmental 
concerns in key business processes. 
Hypothesis 9(b): Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of lean manufacturing 
practices as an enabler to integration of environmental concerns in key business 
processes. 
For greening the supply chains, lean manufacturing practices is an enabler, which 
aims at reducing various types of wastes. To test whether OEM and suppliers and 
the selected sectors accord similar importance to lean manufacturing practices to 
address the environmental concerns, t-test and ANOVA were performed. 
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Table 5.9: Test Results for Hypothesis 9(a) 
Issue for 
comparison 
Lean 
manufacturing 
practices (1IG) 
Sample 
(N=146) 
Mean 
3.86 
SD 
0.83 
OEM 
(N = 68) 
Mean 
3.79 
SD 
0.907 
Suppliers 
( N = 78) 
Mean 
3.91 
SD 
0.759 
Independent 
t-test 
t 
- 0.832 
Sig. 
0.407 
To test the hypothesis 9(a), independent t-test was conducted. The results of the 
test in the Table 5.9 indicate that perceptions of OEM and suppliers do not differ 
significantly (the p value is 0.407). Also, there is no significant difference between 
the two means. Therefore, the hypothesis cannot be accepted. 
Table 5.10: Test Results for 
Issue for comparison 
Lean Manufacturing 
Practices (IIG) 
Sector 
Auto 
Elect. & 
Electronics 
Chemical 
& Paints 
N 
85 
47 
14 
Hypothesis 9(b) 
Mean 
3.98 
3.83 
3.21 
SD 
0.816 
0.601 
1.251 
ANOVA 
F Sig. 
5.409 0.005 
To test the difference among the industrial sectors, ANOVA test was performed 
(Table 5.10). The results of the test point out significant difference among the 
sectors (at p = 0.005 level) in considering lean manufacturing practices as enabler 
of green practices. Thus, the hypothesis is accepted. 
Hypothesis 10 (a): There is no difference between listed and non-listed companies 
regarding their belief in certification to ISO: 14001 EMS as a facilitator for 
integrating environmental concerns in key business processes. 
Hypothesis 10 (b): Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of certification to ISO: 
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14001 EMS as an enabler influencing integration of environmental concerns in key 
business processes. 
Table 5.11: Test Results for Hypothesis 10 (a) 
Issue for 
comparison 
Certification 
to ISO: 
14001 EMS 
(IIB) 
Sample 
(N = 146) 
Mean 
4.03 
SD 
0.863 
Listed Co. 
(N = 47) 
Mean 
4.11 
SD 
0.787 
Non- Listed 
Co. 
( 
Mean 
3.99 
N = 99) 
SD 
0.898 
Independent 
t-test 
t 
0.798 
Sig. 
0.427 
In the questionnaire based survey, respondents were asked the significance of 
certification to ISO: 14001 EMS in influencing integration of environmental 
concerns in business processes on five point Likert scale. On this scale, a score of 
one corresponds to least significance and that of five to high significance. The 
descriptive statistics of the responses from listed and non listed companies and 
from all the considered sectors are presented in Table 5.11 and Table 5.12, 
respectively. 
Table 5.12: Test Results for Hypothesis 10(b) 
Issue for 
comparison 
Certification to ISO: 
14001 EMS 
Sector 
Auto 
Elect. & 
Electronics 
Chemical 
& Paints 
N 
85 
47 
14 
Mean 
4.04 
4.00 
4.07 
SD 
0.879 
0.752 
1.141 
ANOVA 
F Sig. 
0.045 0.956 
Independent t-test was conducted to test hypothesis 10 (a). The results of the test 
indicate that the perceptions of stock exchange listed companies and non-listed 
companies do not differ significantly (at p = 0.427 level) to certification to ISO: 
14001 EMS. With the results oft-test presented in Table 5.11, the hypothesis is 
108 
Chapter 5 Hypotheses Testing 
accepted. 
To test the difference among the sectors, ANOVA test was conducted (Table 5.12). 
The results of test point out no significant difference among the considered sectors 
(at p=0.965 level) in considering certification to ISO: 14001 EMS as enabler 
influencing integration of environmental concerns in business processes. The 
results of ANOVA test as presented in Table 5.12 indicate that, the hypothesis 10(b) 
cannot be accepted. 
Hypothesis 11(a): Large enterprises attach greater importance to educating their 
suppliers regarding techniques to improve their environmental performance than 
small scale and medium scale industries (SME). 
Hypothesis 11(b): Significant differences exist among industrial sectors (i.e. 
automobile, electrical & electronics and chemical & paints) regarding importance 
they attach to educating suppliers in terms of techniques being deployed by them 
for improving environmental performance. 
To test these hypotheses the respondents were asked about the significance they 
attach to informing their suppliers the techniques to improve their environmental 
performance. They were requested to respond on five-point Likert scale, where one 
corresponds to very low significance and five corresponds to very high 
significance. The descriptive statistics of the responses are shown in Table 5.13. 
Table 5.13: Test Results for Hypothesis 11 (a) 
Issue for 
comparison 
Educating 
suppliers the 
techniques to 
improve their 
environmental 
performance 
Sample 
(N=146) 
Mean 
2.74 
SD 
1.175 
Large scale 
(N = 53) 
Mean 
2.92 
SD 
1.222 
SME 
(N = 93) 
Mean 
2.63 
SD 
1.140 
Independent 
t-test 
t 
1.440 
Sig. 
0.152 
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To test the hypothesis 11 (a), independent t-test was been conducted. The results of 
the test in the Table 5.13 indicate that large scale industries and small & medium 
scale industries do not differ significantly (the p value is 0.152) in educating their 
suppliers in terms of techniques to improve their environmental performance. Also, 
there is no significant difference between the two means. Therefore, the hypothesis 
cannot be accepted. 
Table 5.14: Test Results for Hypothesis 11 (b) 
Issue for 
comparison 
Educating suppliers 
in terms of techniques 
to improve their 
environmental 
performance 
Sector 
Auto 
Elect. & 
Electronics 
Chemical 
& Paints 
N 
85 
47 
14 
Mean 
2.78 
2.55 
3.14 
SD 
1.322 
0.88 
1.027 
ANOVA 
F Sig. 
1.469 0.234 
To test the difference among the sectors, ANOVA test was conducted (Table 5.14). 
The results of test point out no significant difference among the considered sectors 
(at p= 0.234 level) in educating suppliers the techniques to improve their 
environmental performance. The results of ANOVA test as presented in Table 5.14 
indicate that, the hypothesis can not be accepted. 
Hypothesis 12: Large enterprises pay greater attention to regular monitoring of 
environmental performance indicators than SMEs. 
To test this hypothesis the respondents were asked how regularly their organization 
monitors some of the environmental performance indicators. They were expected 
to respond on five-point Likert scale, where one indicated that attention was rarely 
paid and a score of five indicated that attention was always given. The descriptive 
statistics of the responses are shown in Table 5.15 
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Table 5.15: Descriptive Statistics for Hypothesis 12 
Issues for comparison 
Raw Material consumption 
Consumables consumption 
including auxiliary materials 
Quantity of Water used 
Wastewater generated 
Quantity of water treated 
Packaging material cost 
Electricity consumption 
Fuel consumption 
Volume of waste produced/ Solid 
waste generated 
Hazardous waste generated 
Air pollution 
Category of 
Industry 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale • 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
N 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
Mean 
4.00 
3.98 
4.57 
3.53 
3.69 
4.21 
2.65 
3.12 
3.98 
2.29 
2.85 
3.70 
2.24 
2.83 
3.75 
3.41 
3.76 
4.19 
3.82 
4.14 
4.51 
3.88 
3.95 
4.43 
2.94 
3.49 
3.85 
2.32 
3.32 
3.70 
2.41 
3.15 
Standard 
Deviation 
1.595 
1.210 
0.636 
1.331 
1.193 
1.044 
1.515 
1.247 
1.152 
1.292 
1.215 
1.381 
1.437 
1.354 
1.399 
1.654 
1.088 
1.001 
1.445 
1.008 
0.750 
1.513 
1.166 
0.844 
1.536 
1.265 
1.199 
1.364 
1.332 
1.310 
1.672 
1.142 
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Quantity of used oil generated 
Noise pollution 
Use of recycled and renewable 
materials (Recycling and Reuse 
levels) 
Eco-literacy of employees 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
Small Scale 
Medium Scale 
Large Scale 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
34 
59 
53 
3.75 
2.38 
3.08 
3.81 
2.79 
2.92 
3.83 
2.50 
2.64 
3.00 
2.44 
2.76 
3.38 
1.223 
1.436 
1.290 
1.161 
1.388 
1.164 
0.995 
1.398 
1.079 
1.271 
1.284 
1.150 
1.304 
Table 5.16: Test Results for Hypothesis 12 
(Large E 
Issues for comparison 
Raw Material consumption 
Consumables consumption 
including auxiliary materials 
Quantity of Water used 
Wastewater generated 
Quantity of water treated 
Packaging material cost 
Electricity consumption 
Fuel consumption 
Volume of waste produced / Solid 
waste generated 
Hazardous waste generated 
Air pollution 
Quantity of used oil generated 
Noise pollution 
Use of recycled and renewable 
materials (Recycling and Reuse 
levels) 
Eco-literacy of employees 
nterprises vs. SMEs 
Test F 
t- Value 
2.918 
2.838 
4.661 
4.676 
4.725 
2.644 
2.696 
2.566 
2.454 
3.116 
3.793 
4.377 
4.803 
1.936 
3.428 
results 
2-tailed 
sig. 
.004 
.005 
.000 
.000 
.000 
.009 
.008 
.011 
.015 
.002 
.000 
.000 
.000 
.055 
.001 
Mean value 
Large 
Enterprises 
(N-53) 
4.57 
4.21 
3.98 
3.70 
3.75 
4.19 
4.51 
4.43 
3.85 
3.70 
3.75 
3.81 
3.83 
3.00 
3.38 
Rest of the 
Enterprises 
(SMEs) 
(N=93) 
3.99 
3.63 
2.95 
2.65 
2.63 
3.63 
4.02 
3.92 
3.29 
2.96 
2.88 
2.83 
2.87 
2.59 
2.65 
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To test this hypothesis, the weightage assigned by the respondents to regularity in 
monitoring environmental performance indicators was compared on independent t-
test and the results of the t-test are shown in the Table 5.16. 
The results of the t-tests indicate that for all the environmental performance 
indicators the mean values of the weightage assigned by large enterprises are more 
than the SMEs. Further, for all the environmental performance indicators 
considered, the difference in the weightage assigned between large enterprises and 
the rest of the respondents (SMEs) are significant (at a p value of 0.015 or less, 
except one item i.e. 'use of recycled and renewable materials- recycling and reuse 
levels' which is significant at a p value of 0.055). Therefore, this hypothesis is 
accepted 
Hypothesis 13: Automobile and electrical & electronics sectors do not differ 
significantly in considering the design for energy efficiency approach while 
designing their products. 
In the question related to this hypothesis, the respondents were asked to assign 
importance they attach to product design for energy efficiency on the five-point 
Likert scale. On this scale, 1 corresponds to least importance and 5 to the most 
importance. The descriptive statistics of the responses for these sectors are shown 
in Table 5.17. 
Table 5.17: Descriptive Statistics related to Hypothesis 13 
Issue for comparison 
Importance attached to 
products designed for 
energy efficiency 
Sector 
Automobile 
Electrical & 
Electronics 
Total 
Mean 
3.47 
3.94 
N 
58 
35 
93 
Standard 
deviation 
1.112 
0.906 
It is observed from the descriptive statistics that the electrical & electronics sector 
give more importance to products designed for energy efficiency than automobile 
sector. An independent t-test was conducted to test this hypothesis, results of 
which are presented in Table 5.18. 
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Table 5.18: Test Results for Hypothesis 13 
(Automobile versus Electrical «& Electronics sector) 
Issue for comparison 
Products designed for 
energy efficiency 
Test Results 
t- Value 
-2.146 
2-tailed 
significance 
0.035 
Mean Value 
Automobile 
sector 
(N=58) 
3.47 
Electrical & 
Electronics 
Sector (N=35) 
3.94 
The results of the t-test indicate that automobile sector and electronic sectors differ 
significantly (p is less than 0.05) in the importance for products designed for 
energy efficiency in design for the environment approach. Thus, the hypothesis can 
not be accepted. 
Hypothesis 14: Lack of support and guidance from regulatory authorities leads to 
inadequate adoption of reverse logistics practices into supply chain processes. 
Hypothesis 15: Inadequate adoption of reverse logistics practices is positively 
related to financial constraints. 
Hypothesis 16: Financial constraints are positively related to inadequate strategic 
planning. 
To test hypotheses 14, 15 and 16, the respondents were asked to indicate the 
significance they attach to various listed barriers in integrating environmental 
concerns in key business processes. They were asked to respond on a five- point 
Likert scale, where one corresponds to 'not a barrier' and five corresponds to 
'significant' barrier. In order to test these hypotheses correlations test was 
conducted, to help measure the linear relationships between the chosen barriers. 
The correlation coefficients among the select barriers have been shown in Table 
5.19. 
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Table 5.19: Test Results for Hypotheses 14,15 and 16 
Barriers 
Inadequate strategic 
planning 
Lack of support and 
guidance from 
regulatory authorities 
Inadequate adoption of 
reverse logistics 
practices 
Financial constraints 
Inadequate 
strategic 
planning 
1 
0.425(**) 
0.272(**) 
0.423(**) 
Lack of support 
and guidance 
from regulatory 
authorities 
0.425(**) 
1 
0.283(**) 
0.589(**) 
Inadequate 
adoption of 
reverse 
logistics 
practices 
0.272(**) 
0.283(**) 
1 
0.334(**) 
Financial 
constraints 
0.423(**) 
0.589(**) 
0.334(**) 
1 
** Correlation is significant at the 0.01 level (2-tailed). 
The test results in Table 5.19 indicate that the inadequate strategic planning has 
positive and significant correlations with 'lack of support and guidance from 
regulatory authorities (0.425)', 'inadequate adoption of reverse logistics practices 
(0.272)', and 'financial constraints (0.423)'. Hence, hypotheses 14, 15 and 16 are 
accepted. 
Hypothesis 17: Competitive advantage through green product/process 
development positively influences pollution prevention. 
Hypothesis 18: Pollution prevention leads to reduced consumption of resources. 
Hypothesis 19: Reduced consumption of resources leads to increased productivity. 
Hypothesis 20: Increased productivity (an indicator of waste minimization) leads 
to improvement in return on investment (ROI). 
To test hypotheses 17, 18, 19 and 20, the respondents were asked to indicate the 
significance they attach to various listed benefits perceived or observed through 
integration of environmental concerns in business processes. They were asked to 
115 
Chapter 5 Hypotheses Testing 
give their responses on a five- point Likert scale, where one corresponds to 'least' 
and five corresponds to 'most'. Correlations test was carried out to test these 
hypotheses, results of which are presented in Table 5.20. 
Table 5.20: Test Results for Hypotheses 17,18,19 and 20 
Benefits 
Improvement 
in Return on 
Investment 
(ROI) 
Reduced 
consumption 
of resources 
Pollution 
prevention 
Competitive 
advantage 
through green 
product/ 
process 
development 
Increased 
productivity 
Improvement 
in Return on 
Investment 
(ROI) 
1 
.445(**) 
.321(**) 
.163(*) 
.303(**) 
Reduced 
consumption 
of resources 
.445(**) 
1 
.601(**) 
.326(**) 
.235(**) 
Pollution 
prevention 
.321(**) 
.601(**) 
1 
.473(**) 
.278(**) 
Competitive 
advantage 
through green 
product/ 
process 
development 
.163C) 
.326(**) 
.473(**) 
1 
.272(**) 
Increased 
productivity 
.303(**) 
.235(**) 
.278(**) 
.272(**) 
1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
The statistics in Table 5.20 indicate that green product/ process development has 
positive and significant correlations with 'pollution prevention (0.473)', 'reduced 
consumption of resources (0.326)', 'increased productivity (0.272) and 
'improvement in return on investment (0.163)'. Hence, hypotheses 17, 18, 19 and 
20 are accepted. 
Hypothesis 21: Top management commitment to integration of environmental 
concerns in business processes is positively related to eco- literacy amongst supply 
chain partners. 
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Hypothesis 22: Eco-literacy amongst supply chain partners leads to development 
of green products. 
Hypothesis 23: Green product development leads to eco-labeling of products. 
Hypothesis 24: Eco-labeling of products leads to corporate image through 
environmental responsibility. 
In order to test hypotheses 21, 22, 23 and 24, the respondents were asked to 
indicate the significance they attach to various listed enablers to integration of 
environmental concerns in business processes. A five- point Likert scale was used 
to solicit their responses, where one corresponds to 'least' and five corresponds to 
'most' significant enabler. Results of the correlations test that was carried out to 
test these hypotheses are presented in Table 5.21. 
Table 5.21: Test Results for Hypotheses 21,22,23 and 24 
Enablers 
Top 
management 
commitment 
Green product 
development 
Corporate 
image through 
environmental 
responsibility 
Eco-labeling of 
products 
Eco- literacy 
amongst 
supply chain 
partners 
Top 
management 
commitment 
1 
.318(**) 
.224(**) 
.189(*) 
.326(**) 
Green product 
development 
.318(**) 
1 
.320(**) 
.333(**) 
.350(**) 
Corporate 
image through 
environmental 
responsibility 
.224(**) 
.320(**) 
1 
.349(**) 
.250(**) 
Eco-
labeling of 
products 
.189(*) 
.333(**) 
.349(**) 
1 
.662(**) 
Eco-
literacy 
amongst 
supply 
chain 
partners 
.326(**) 
.350(**) 
.250(**) 
.662(**) 
1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
The statistics in Table 5.21 indicate that top management commitment has positive 
and significant correlations with 'eco-literacy amongst supply chain partners 
(0.326)', 'green product development (0.318)', 'Eco-labeling of products (0.189)' 
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and 'Corporate image through environmental responsibility (0.224)'. Hence, 
hypotheses 21, 22, 23 and 24 are accepted. 
5.4 Discussion 
In this chapter, framed hypotheses have been tested. Results obtained are presented 
in summarized form in Table 5.22. 
Table 5.22: Summary of Results (Hypotheses Testing) 
Hypo-
thesis 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Hypothesis 
Green procurement practices in an organization are positively 
influenced by (i) green product development, (ii) adoption of 
reverse logistics practices, and (iii) customers' demand for 
environmental performance improvement. 
Certification to ISO: 14001 Environmental Management 
System is positively influenced by (i) green procurement 
practices, (ii) customer's demand for environmental 
performance improvement, and (iii) governmental subsidized 
program/tax incentive for green products/processes. 
Organizational environmental competitiveness is positively 
influenced by (i) eco-labeling of products, (ii) green product 
development, and (iii) availability of cleaner technology. 
Pollution prevention activities are positively influenced by (i) 
reverse logistics practices in supply chain, (ii) top 
management commitment, and (iii) economic benefits 
through carbon trading. 
Market demand for green products is negatively influenced by 
(i) lack of support and guidance from regulatory authorities, 
(ii) lack of eco-literacy amongst the supply chain partners, 
and (iii) inadequate adoption of reverse logistics practices. 
Proactive environmental policy (even beyond compliance to 
legislative requirements) is facilitated by (i) environmental 
accounting, (ii) balanced scorecard for environmental 
performance measurement, and (iii) environmental criteria in 
the performance review of employees. 
Continuous improvement in organization's environmental 
performance is positively influenced by (i) assignment of 
roles and responsibilities with respect to environmental 
programs, (ii) setting of quantifiable environmental 
objectives, and (iii) benchmarking environmental 
performance. 
Risk reduction related to termination of business owing to 
Result 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
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9(a) 
9(b) 
10(a) 
10(b) 
11(a) 
U(b) 
12 
13 
14 
15 
16 
17 
18 
19 
environmental issues is positively influenced by (i) pollution 
prevention, (ii) reduced risk of litigation, and (iii) increased 
productivity. 
OEM and suppliers differ significantly in considering lean 
manufacturing practices as an enabler to the integration of 
environmental concerns in key business processes. 
Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of 
lean manufacturing practices as an enabler to integration of 
environmental concerns in key business processes. 
There is no difference between listed and non-listed 
companies regarding their belief in certification to ISO: 
14001 EMS as a facilitator for integrating environmental 
concerns in key business processes. 
Industrial sectors (i.e. automobile, electrical & electronics and 
chemical & paints) differ significantly in their perception of 
certification to ISO: 14001 EMS as an enabler influencing 
integration of environmental concerns in key business 
processes. 
Large enterprises attach greater importance to educating their 
suppliers regarding techniques to improve their environmental 
performance than small scale and medium scale industries 
(SME). 
Significant differences exist among industrial sectors (i.e. 
automobile, electrical & electronics and chemical & paints) 
regarding importance they attach to educating suppliers in 
terms of techniques being deployed by them for improving 
environmental performance. 
Large enterprises pay greater attention to regular monitoring 
of environmental performance indicators than SMEs. 
Automobile and electrical & electronics sectors do not differ 
significantly in considering the design for energy efficiency 
approach while designing their products. 
Lack of support and guidance from regulatory authorities 
leads to inadequate adoption of reverse logistics practices into 
supply chain processes. 
Inadequate adoption of reverse logistics practices is positively 
related to financial constraints. 
Financial constraints are positively related to inadequate 
strategic planning. 
Competitive advantage through green product/process 
development positively influences pollution prevention. 
Pollution prevention leads to reduced consumption of 
resources. 
Reduced consumption of resources leads to increased 
productivity. 
Not 
Accepted 
Accepted 
Accepted 
Not 
Accepted 
Not 
Accepted 
Not 
Accepted 
Accepted 
Not 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
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20 
21 
22 
23 
24 
Increased productivity (an indicator of waste minimization) 
leads to improvement in return on investment (ROI) 
Top management commitment to integration of 
environmental concerns in business processes is positively 
related to eco- literacy amongst supply chain partners. 
Eco-literacy amongst supply chain partners leads to 
development of green products. 
Green product development leads to eco-labeling of products. 
Eco-labeling of products leads to corporate image through 
environmental responsibility. 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Hypotheses testing helped ascertain the relative importance of select independent 
variables. These independent variables do influence some of the key issues in 
green supply chain management practices. For example, green procurement 
practices in organizations are important prerequisite for the greening of supply 
chain. From the first hypothesis, it is observed that out of the three independent 
variables in this hypothesis, customer's demand for environmental performance 
improvement and green product development, are two most important variables 
that help improve green procurement practices in companies. In the second 
hypothesis, three variables influencing certification to ISO: 14001 have been tested. 
Two most important variables, which significantly contribute to ISO: 14001 
certification are (i) green procurement practices, (ii) customer's demand for 
environmental performance improvement. Therefore, top management should 
design and adopt strategies for improving these prerequisites in order to achieve 
benefits associated with certification to ISO: 14001. It is observed from the third 
hypothesis that out of the three variables reported to help improve organizational 
environmental competitiveness, eco-labeling of products, and availability of 
cleaner technology are the two most important variables. 
Similarly, in Hypothesis 4 to 8, variables that influence the pollution prevention 
activities, market demand for green products, implementation of proactive 
environmental policy beyond compliance to legislative requirements, continuous 
improvement of organization's environmental performance, and risk reduction 
related to termination of business owing to environmental issues, have been tested. 
It has been observed through the test results of Hypothesis 4 that 'top management 
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commitment' and 'adoption of reverse logistics practices in supply chain' are the 
topmost contributors for influencing pollution prevention. From the results of 
Hypothesis 5, it is noted that inadequate adoption of reverse logistics practices and 
lack of eco-literacy amongst the supply chain partners have most severe adverse 
influence on the market demand for green products. It is further observed from the 
results of Hypothesis 6 that environmental criteria in the performance review of 
employees and environmental accounting are the most important practices that 
facilitate the implementation of proactive environmental policy beyond compliance. 
In the Hypothesis 7, three variables which have been discussed in literature as 
contributing to continuous improvement in organization's environmental 
performance have been tested. These three variables account for 43.5 % in 
improving environmental performance on continuous basis. This means that 
continuous environmental improvement is dependent on some other factors as well, 
for which further exploration is needed. The three important variables, which 
significantly contribute to continuous environmental improvement, are (i) setting 
of quantifiable environmental objectives, (ii) benchmarking environmental 
performance, and (iii) assignment of roles and responsibilities with respect to 
environmental programs. The test results for Hypothesis 8 indicate that 'pollution 
prevention' and 'increased productivity' are the most important factors that aid in 
reducing the risk related to closure of business owing to the environmental issues. 
Through the results of multiple linear regression of first eight hypotheses, it is 
observed that the value of R^  ranges from 0.150 to 0.435. It suggests that 
independent variables account for 15.0% to 43.5 % of total variability in the 
respective dependent variables. These values of R^  indicate that dependent 
variables depend on some other factors as well, which need to be explored. But 
still all the above models are quite substantive and acceptable because by 
regression analysis, the percentage of variance (R )^ is greater than 10%, implying a 
satisfactory and substantive model (Pedhazur, 1982). Also, Singh et al. (2007), in 
justification of their model for strategy development for competitiveness, have 
found and used the value of R^  = 0.213. Hence, the results of these hypotheses are 
found to be quite satisfactory. 
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In the second set of hypotheses, the sectoral and other categories dissimilarities 
have been compared on certain attributes. The Hypothesis 9 is related to the 
perception of OEM & suppliers and different industrial sectors towards lean 
manufacturing practices as an enabler to integration of environmental concerns in 
business processes has been tested. The test results of the hypothesis indicate that 
respondents consider lean manufacturing practices as a key enabler. These results 
are in line with those of King and Lenox (2001), who had also found that lean 
manufacturing was complementary to environmental performance and often 
lowered the marginal cost of pollution reduction. In Hypothesis 10, difference in 
the perceptions between stock exchange listed and non-listed companies and 
among industrial sectors towards certification to ISO: 14001 EMS as an enabler 
has been tested. The test results indicate that there is similarity among the listed 
and non-listed companies as well as among the industrial sectors on their 
perceptions in considering certification to ISO: 14001 as an important enabler. 
Further, the test results of Hypothesis 11 indicate that there is no significant 
dilTerence across the large enterprises &, SMEs and across the different industrial 
sectors in attaching importance to educating their suppliers regarding techniques to 
improve their environmental performance. In the Hypothesis 12, it is observed that 
large enterprises pay more attention to regularly monitoring their environmental 
performance indicators in comparison to SMEs. The test results for Hypothesis 13 
show that electrical & electronics sector gives more importance to products 
designed for energy efficiency than automobile sector. 
Finally, in the third set of hypotheses number 14-16, 17-20 and 21-24, 
relationships among some barriers, benefits and enablers respectively, have been 
tested. Through the results of Hypothesis 14 to 16, it is observed that some barriers 
like 'lack of support and guidance from regulatory authorities', 'inadequate 
adoption of reverse logistics practices into supply chain, financial constraints' and 
'inadequate strategic planning' have positive and significant correlations. The 
results of Hypotheses 17 to 20 indicate that there exist positive and significant 
correlations between some of the benefits associated with green business practices 
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such as: competitive advantage through green product/process development, 
prevention of pollution, reduced consumption of resources, increase in productivity 
and improvement in ROl. The results of Hypotheses 21 to 24 show that some of 
the enablers such as top management commitment, eco-literacy amongst supply 
chain partners, development of green products, eco-labeling of products and 
corporate image through environmental responsibility are positively and 
significantly correlated. 
The results of above mentioned hypotheses indicate that addressing environmental 
concerns and adoption and implementation of environmental friendly business 
practices are important issues. Certain barriers and enablers are impacting 
integration of environmental concerns in business processes and influencing the 
implementation of green practices. Through these results, key barriers and enablers 
can be focused by top management and appropriate strategic decisions may be 
taken for effective integration of environmental concerns in business processes; 
5.5 Chapter Summary 
Three set of proposed hypotheses have been tested for their validity. Through the 
results of hypotheses, it is clear that commitment of top management for 
environmental management programs and practices plays a crucial role in greening 
efforts. The results reveal that there are notable dissimilarities in adoption of 
environmental friendly operations across different sectors and categories of 
industries in India. Also, certain barriers are inhibiting the adoption and 
implementation of green practices. It is imperative to explore further the nature and 
inhibiting power of these barriers. At the same time there is a need to ascertain the 
potency of various enablers in ensuring greening. That has been attempted in 
Chapter 6. 
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6.1 Introduction 
Green supply chain management is an evolving discipline and its importance has 
grown in recent years because of the fast-changing business environment and the 
global nature of the supply chains. Today, the competitive advantage has shifted 
from individual companies to supply chains and so are the environmental 
management practices. Organizations are conducting business within complex 
legal structures, while stakeholders' demands are increasing and environmental 
performance expectations are becoming more demanding. To operate effectively in 
this environment, organizations are now required to demonstrate proactive 
management of the environmental impacts of their business activities and adopt 
environmentally responsible practices i.e. green business practices into everyday 
business processes. Firms need to recognize and map various environmental issues 
in business operations and develop competencies in green business practices. But 
this is not an easy task. Many barriers inhibit the adoption and implementation of 
green business practices. Because of these barriers, organizations are reluctant to 
adopt environmental friendly approach. On the other hand, there are certain 
enablers that help integration of environmental concerns in business processes. 
These enablers help manufacturing managers to implement green business 
practices in their organizations. Hence, the business managers in manufacturing 
organizations now are required to identify, analyze and manage these barriers and 
enablers for the efficient and effective design and implementation of green 
programs and practices. These elements or variables (i.e. barriers and enablers) not 
only affect the implementation process of GSCM but also influence one another. 
So, it is important to understand their nature and their mutual relationship. 
In this chapter, Interpretive Structural Modeling (ISM) technique has been 
involved for analyzing the various barriers and enablers. Interpretive Structural 
Modeling is a methodology for identifying and summarizing relationships among 
specific elements, which define a problem or an issue (Warfield, 1974; Sage, 1977). 
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It provides some means by which order can be imposed on the complexity of such 
elements (Ravi and Shanlcar, 2005). 
In this part of research, through ISM methodology, we attempted to; 
• Prepare the ISM-based models of important barriers and enablers impacting 
integration of environmental concerns in business processes for 
establishing the relationship among these elements. 
• Ascertain the driving power and dependence of different barriers and 
enablers for their respective categorization and implications in real-life 
management of green business practices. 
• Gain an insight from these models to help smoothen adoption and 
implementation of green business practices. 
6.2. Identification of Main Barriers and Enablers 
After review of literature and the opinions of experts, both from industry and 
academia, a number of barriers and enablers impacting integration of 
environmental concerns in key business processes were listed in the questionnaire-
based survey and respondents were asked to indicate their opinions on them. 
Through the results of the survey, all the barriers and enablers were ranked in 
descending order of their mean score. Based on survey rankings and opinions of 
experts, top 15 barriers and enablers were selected for fiirther analysis. In this 
chapter, they are analyzed by Interpretive Structural Modeling (ISM) technique. 
6.3 Barriers 
Despite the fact that green business practices have the potential to help the cause of 
environmental protection and economic growth simultaneously, practicing the 
much needed approaches is not free from barriers. These top 15 barriers identified 
through survey research are reproduced below. A brief discussion on the same has 
also been carried out to reiterate some of the key points regarding each of them. 
6.3.1 Lack of Commitment from Top Management 
The success of any environmental management initiative rests significantly on 
senior management leadership and its commitment (Pun, 2006). Without continued 
senior management commitment, the implementation of any business process or 
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practice within a company soon wanes. Lack of commitment from top 
management is a cliief barrier for successful adoption of green business practices. 
GSCM require a radical change in the mindset and practice. Many authors have 
discussed the role of top management in determining the environmental 
proactiveness of a firm (Aragon-Correa, 1998; Sharma, 2000; Ghobadian et al, 
1998; Van den Bosch and Van Kiel, 1998). The range of environmental 
management and the extent of environmental investments inevitably rely on the top 
management's attitude to the environmental issues (Lee and Rhee, 2007). Studies 
conducted by Hansson et al. (2003) and Trader-Leigh (2002) show the detrimental 
impact of lack of management's commitment on the implementation of change 
initiatives. 
6.3.2 Inadequate adoption of Reverse Logistic Practices 
Reverse logistics deals with processes and practices associated with the reuse of 
used products. Reverse logistics can lead to economic benefits by the recovery of 
the returned products for reuse, remanufacturing, recycling, or a combination of 
these options for adding value to the product and implementation of the same 
leads to direct benefits to the environment too (Ravi and Shankar, 2005). 
Environmental and economic issues have significant impact on reverse logistics 
and are considered to form one df the developmental cornerstones of green supply 
chains (Marsillac, 2008). Adoption of reverse logistics practices is critical for 
organizations from both economic and environmental perspectives (Meade et al., 
2007). Thus, inadequate adoption of reverse logistics practices in supply chain 
owing to lack of awareness of these benefits or otherwise is major barrier to 
GSCM program. A chief barrier of reverse logistics seen in Indian automobile 
supply chain is lack of awareness about the benefits of reverse logistics (Ravi and 
Shankar, 2005). 
6.3.3 Lack of Eco-Iiteracy amongst Supply Chain Partners 
Eco-literacy can be defined as the expertise and understanding of the workforce 
resulting in proactive responses when tackling environmental issues, rather than 
reactive responses. It has long been recognized that education and training are 
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essential ingredients of effective environmental and resource management, and 
thus crucial means of nudging the business community towards a more sustainable 
development (Madsen and Ulhiii, 2001). By training employees in pollution 
prevention, organizations are better able to take advantage of the day-to-day 
contact employees have with opportunities for improving environmental 
performance (Theyel, 2000). To achieve the desired environmental performance, 
up gradation of the skills and knowledge of employees is essential. The need for 
eco-literacy extends throughout the organization and reaches up and downstream. 
Hence, low level of 'eco-literacy' amongst the supply chain partners is major 
barrier to GSCM programs. 
6.3.4 Lack of Corporate Social Responsibility 
Corporate social responsibility suggests that a firm is willing to go beyond simple 
compliance and take into account the public consequences of organizational 
actions (Sharma, 2000). It mandates an organization to adopt voluntary strategic 
practices such as eliminating physical wastes, informing external customers of the 
environmental impacts of products, and cofrecting conditions that may endanger 
the natural environment. Corporate environmental commitment shows that a firm 
utilizes policies and strategies that support the long-term view and allocate the 
necessary resources accordingly (Henriques and Sadorsky, 1999). Corporate social 
responsibility calls for sustainable development which is a framework for 
companies and their management to transform their responsibility for 
environmental, economical and social behaviour into business practices. But for 
sustainability, companies have to ensure manufacturing of products without 
creating environmental damage or disobeying social standards (Seuring 2004). 
Therefore, lack of corporate social responsibility on part of firms is a significant 
barrier to adoption of GSCM practice. 
6.3.5 Lack of Market Demand 
The customer is the core around which business revolves. Businesses must design 
and manufacture products and provide services that meet customers' needs and 
expectations. Environmental consciousness of consumers is one of the most 
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significant driving forces for companies to engage in environmental management 
(Chen et al, 2006). Environmentally conscious customers shall ask questions 
about the type of materials used in the product and production, the process of 
production, the energy and water usage for production, and even the transportation 
and distribution requirements for the product as well as the impact of the use of the 
product. Firms cannot assess clearly the market demand for green products and the 
associated green processes, unless customers place explicit demand for "green" 
products and processes. Traditionally, the Indian industry has not seen greening as 
source of competitive advantage (Jose, 2008). If consumers are green, then it will 
be profitable for business to become green (Roarty, 1997). Absence of the 
customer demand for environmental friendly products and practices acts a 
significant barrier to the GSCM program. 
6.3.6 Lack of Preparedness on part of Suppliers 
Another barrier to GSCM activities is the reluctance of support and lack of 
preparedness on part of the suppliers. This is because of the traditional mindset, 
which considers suppliers' interests as being different from those of the total 
network. Holland and Gibbon (1997) observed that owner-managers feel limited 
responsibility towards the environment due to a belief that the environmental 
impact of their firm is negligible. On part of suppliers, lack of preparedness owing 
to low level of uptake of environmental management systems due to lack of time, 
lack of knowledge and lack of awareness of benefits acts as significant barrier. 
Suppliers contribute to the overall performance of a supply chain, and poor 
supplier performance affects the performance of the whole chain (Sarkar and 
Mohapatra, 2006). This necessitates the suppliers to address environmental 
concerns in their business processes and programs else it will obstruct the success 
of GSCM program of the company. 
6.3.7 Inadequate Strategic Planning 
Strategic planning is imperative as it provides a framework for proactive decision 
making to evaluate performance continuously and also assess what could go wrong, 
determine significant risks and implement strategies to deal with those risks. 
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Regarding the strategy and evaluation concerns, environmental goals and targets 
must align with corporate objectives and be systematically deployed and 
transformed into operative plans (Pun, 2006). Many factors such as legislations, 
stakeholders' pressure, economic opportunities and ethical motives have led 
organizations in developing and applying environmental strategies (Bansal and 
Roth, 2000). Inadequate strategic planning can act as a significant barrier to GSCM 
programs. The role of strategic planning is of paramount importance to any new 
concept to get institutionalized and incorporated into routine business. In essence, 
it requires a paradigm shift from the current reactive 'cure' approach to a proactive 
'preventive' approach to reap the environmental and economic benefits from the 
GSCM programs. 
6.3.8 Lack of Integrated Information System 
Information and communication have been playing an increasingly important role 
in economic and social development of nations. Contemporary research in supply 
chain management suggests that information-enriched supply chains perform better 
(Shore and Venkatachalam, 2003). Information systems must be responsive in 
order to anticipate and accommodate operational change and customer demands 
(Daugherty et al, 2002). A very serious problem faced by organizations in 
implementation of GSCM is the dearth of good information system. An efficient 
integrated information system is very much necessary for supporting GSCM 
activities during various stages of the product life cycle. When members in the 
supply chain do not have correct information, they are not able to manage them 
effectively. Very few Indian firms have successfully automated the information 
surrounding the returned process (Ravi and Shankar, 2005). Forecast inaccuracies 
can also result because of information distortion within the supply chain (Chopra 
and Sondhi, 2004). Thus, lack of integrated information system is a very 
significant barrier affecting good GSCM practices. 
6.3.9 Lack of appropriate Environmental Performance Metrics 
Metrics are critical not only for supporting new initiatives with related and 
organizational specific data, but for the justification of existing services (Morgan, 
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2006). Metrics misalignment is thought to be a primary source of inefficiency and 
disruption in supply chain interactions (Faisal et al., 2007). One of the barriers for 
supply chain alignment is lack of appropriate performance metrics (Ravi and 
Shankar, 2005). Appropriate performance metrics form the basis of integrated 
work management systems. If the organizations take action linking performance 
measurement system to their GSCM practices, they will be in a better position to 
succeed in their endeavor. Successful GSCM programs will effectively coordinate 
all the processes, focus on development of environmental friendly products, 
recapturing value or proper disposal of products, green product procurement, 
reverse logistics and create performance measurement systems that provide data as 
to whether the designed GSCM programs are performing to the expectations. 
6.3,10 Lack of Support and Guidance from Regulatory Authorities 
Legal requirements are considered to have the most significant external influence 
on the strategy formulations in the organizations. This is particularly true for the 
industries normally identified as having environmental problems such as 
manufacturing (James et al, 1999). Legislation and regulation are the instruments 
very much necessary for the proper governance of business enterprises including 
the environment in which they operate. Environmental laws and regulations are an 
important framework, within which the companies must operate. They are also 
considered as the important means to introduce sustainable development and 
cleaner production methods within a society. Support and guidance from 
regulatory authorities in the areas of waste management, regulations in the form of 
waste reduction and recycling targets, carbon credit earnings, development of 
minimum energy efficiency standards for equipments are necessary for prevention 
of pollution and reduction of environmental load on sustained basis. Lack of 
proactive environmentalism and low priority accorded to green procurement 
initiatives by the governments' acts as a significant barrier to GSCM. 
6.3.11 Non adoption of Cleaner Technology 
Environmental technologies are defined as production equipment, methods, 
practices, product designs and delivery systems that limit or reduce negative 
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impacts of products or services on the natural environment (Klassen and Wiiybaric, 
1999; Shrivastava, 1995a). A growing body of research is calling for a shift away 
from a narrow emphasis on pollution control technology to a broader view that 
pollution must be reduced before its initial generation, commonly referred to as 
pollution prevention technologies, source reduction or clean technologies (Freeman 
et al, 1992). Pollution control technologies affect the product or production 
process at the end whereas pollution prevention technologies minimize the creation 
of pollution and waste in production processes (Christmann, 2000; Yuksel, 2008). 
Non adoption of cleaner technologies withholds numerous opportunities of 
achieving improved economic and environmental performance at the operations 
level and hampers GSCM program. 
6.3.12 Low level of Supply Chain Integration 
Supply chain integration is a key strategic priority for firms striving to achieve 
efficiency and responsiveness in their supply chains (Hong et al, 2008). The 
environmental performance of suppliers has growing interest and importance to the 
supply function (Hall, 2000; Sarkis, 2003). Also, on environmental performance 
front, customers and other stakeholders don't always draw a line between a 
company and its suppliers (Rao, 2002); thereby underline the need for good level 
of supply chain integration. A high level of environmental performance achieved 
by one firm may be broken down by a poor level of environmental management by 
its suppliers (Faruk et al, 2002). Communicating goals of environmental 
performance through the supply relationship results in collaborative waste 
reduction, environmentally sound innovation, cost-effective and environmentally 
beneficial solutions to production problems, and more rapid development and 
uptake of environmental technologies (Simpson et al, 2007). A low level of supply 
chain integration fails to reap these benefits, impeding the success of GSCM 
activities. 
6.3.13 Resistance to Change and adopt Innovation 
A chief barrier noticed in implementation of GSCM practices is the resistance to 
change. People avoid change whenever possible, and the GSCM require a radical 
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change in the mindset and practice. General resistance to change is often a barrier 
to new programs (Shrivastva, 1995b). Employee commitment to change programs 
is crucial given that they actually execute implementation activities (Hansson et ai, 
2003). Low employee commitment could therefore obstruct acceptance of an 
implementation process (Saad and Siha, 2000). Intangible factors such as 
understanding, ownership and involvement, are very much important in obtaining 
commitment of the workforce for successfully carrying any business activities and 
the same is also a prerequisite for GSCM. Together, the lack of commitment and 
unwillingness to allow the benefits of the new system to accrue incrementally may 
give an impression to employees that it would form a short-term management fad 
likely to be replaced by a new system in the future. Due to these factors resistance 
to change and adopt innovation on the part of workforce engaged in various 
business activities acts as a significant barrier to GSCM. 
6.3.14 Financial Constraints 
Finance is essential to support the infrastructure, informational and manpower 
requirement of GSCM. Companies require allocation of funds and other resources 
for implementation of GSCM activities. Cleaner technology, lean manufacturing, 
reverse logistics, efficient information and technological systems, green product 
development, green procurement, adoption of ISO 14000 Environmental 
Management System, eco-literacy are some of the significant enablers of green 
practices and all of these require ftinds for their adoption. Information and 
technological systems require more funds because without these, the product 
tracking, returned product tracing and product recovery by various processes like 
reuse, remanufacturing, recycling etc. is not possible in the present environment 
(Ravi and Shankar, 2005). Training of workforce and that of the members of 
supply chain to raise their eco-literacy level is also very important for efficiently 
managing and ultimately making GSCM profitable. However, all of these require 
financial support for their successful implementation. 
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6.3.15 Restrictive Company Policies towards Product/Process Stewardsliip 
Product stewardship is the management approach for assuring the safe handling 
and use of products throughout their life cycle, i.e. from R&D, design, 
manufacturing, marketing, distribution, use, reuse, recycling and disposal of 
product. According to Beamon (1999), product and process stewardship refer to 
the practice of considering all immediate and eventual environmental effects of all 
supply chain products and processes. According to McKerlie et al. (2006), the 
concept of product stewardship suggests that all parties with a role in designing, 
producing, selling or using a product are responsible for minimizing the 
environmental impact of the product over its entire life. Products or processes are 
seen as interacting with the environment and this interaction can trigger a chain 
reaction effect on environmental pollution and natural resource depletion. Thus, 
rather than looking at any product or process in isolation, the manufacturer needs 
to adopt a cradle-to-grave approach of the product or process. Manufacturers must 
take a product/ process stewardship approach and this will predict their survival in 
today's competitive environment (Madu et al, 2002). Effective product and 
process stewardship requires design and deployments of suitable company policies 
that optimize performance throughout the entire life cycle on continuous basis. 
Restrictive company policies towards product and process stewardship are an 
important barrier to GSCM activities. Lack of importance attached to product and 
process stewardship and the management inattention are related to policies 
followed by companies. 
6.4. ISM approach for Modeling of Barriers 
In this section, the relationship among various barriers is analyzed. Further, the 
barriers are categorized as driving and dependent barriers through ISM technique. 
The purpose for this analysis and categorization is to impart a clear understanding 
to researchers and practicing managers to tackle these barriers. 
The various steps, which lead to the development of model, are illustrated below: 
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6.4.1 Establishing the Contextual Relationships between Barriers and 
Development of Structural Self-interaction Matrix 
After identifying and enlisting 15 barriers through literature review and expert 
opinion, the next step was to analyze these barriers. ISM methodology suggests the 
use of the expert opinions based on various management techniques such as 
brainstorming, nominal technique, etc. in developing the contextual relationship 
among the variables. Thus, in this research for identifying the contextual 
relationship among the barriers of GSCM in Indian manufacturing industries, a 
group of experts both from academia and industry were consulted. Although the 
subject of GSCM in Indian manufacturing sector is relatively new but these experts 
from the industry and academia were well conversant with business practices of 
the industrial organizations. For analyzing the barriers, a contextual relationship of 
"leads to" or "influences" type is chosen. This means that one barrier influences 
another barrier. Based on this, contextual relationship between the identified 
barriers is developed. 
Keeping in mind the contextual relationship for each barrier, the existence of a 
relation between any two barriers {p and q) and the associated direction of the 
relation is questioned. Four symbols (V, A, X, O) are used to denote the direction 
of relationship between the barriers {p and q): 
• V is used if barrier/? influences barrier q; 
• A is used if barrier p is influenced by barrier q; 
• X is used if barriers/J and q influence each other; and 
• O is used if barriers p and q do not influence each other since they are 
unrelated. 
The following would explain the use of the symbols V, A, X, and 0 in 
development of structural self-interaction matrix (SSIM): 
Symbol V is assigned to cell (1, 3) because barrier 1 influences the barrier 3. 
Symbol A is assigned to cell (2, 7) because barrier 2 is influenced by the barrier 7. 
Symbol X is assigned to cell (3, 13) because barrier 3 and 13 influence each other. 
Symbol 0 is assigned to cell (9, 14) because barriers 9 and 14 are unrelated. Based 
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on the contextual relationship between barriers, the SSIM has been developed. To 
obtain consensus, the SSIM was further discussed in a group of experts. Based on 
their responses, SSIM has been finalized and it is presented in Table 6.1. 
Table 6.1 Structural Self-Interactive Matrix (SSIM) 
L Barriers 
1. Lack of commitment from top 
management 
2. Inadequate adoption of 
reverse logistic practices 
3. Lack of Eco-literacy amongst 
supply chain partners 
4. Lack of Corporate Social 
Responsibility 
5. Lack of market demand 
6. Lack ofpreparedness on part 
of suppliers 
7. Inadequate strategic planning 
8. Lack of integrated 
information system 
9. Lack of appropriate 
environmental performance 
metrics 
10. Lack of support and guidance 
from regulatory authorities 
11. Non adoption of cleaner 
technology 
12. Low level of supply chain 
integration 
13. Resistance to change and 
adopt innovation 
14. Financial constraints 
15. Restrictive company policies 
towards product/ process 
stewardship 
15 
0 
0 
A 
V 
X 
A 
0 
A 
A 
0 
V 
A 
A 
V 
14 
V 
X 
A 
V 
A 
A 
V 
A 
0 
V 
A 
A 
A 
13 
V 
V 
X 
V 
V 
A 
V 
X 
A 
V 
V 
A 
12 
V 
V 
V 
V 
V 
A 
V 
V 
A 
0 
V 
11 
V 
X 
A 
V 
A 
A 
V 
0 
A 
V 
10 
V 
A 
A 
V 
A 
0 
0 
0 
0 
9 
V 
V 
0 
V 
V 
V 
0 
V 
8 
8 
0 
V 
V 
V 
A 
V 
7 
7 
A 
A 
V 
0 
0 
6 
V 
V 
V 
V 
V 
5 
0 
V 
A 
V 
4 
A 
0 
A 
3 
V 
V 
2 
V 
6.4.2 Development of the Initial and Final Reachability Matrix. 
The next step is to develop the initial and final reachability matrix from the SSIM. 
This is obtained in two sub-steps. The first sub-step is to obtain the initial 
reachability matrix from the SSIM format by transforming the information of each 
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cell of SSIM into binary digits (i.e. ones or zeros). This transformation has been 
done by substituting V, A, X, 0' by 1 and 0 as per the following rules: 
• If the ip, q) entry in the SSIM is V, then the (p, q) entry in the initial 
reachability matrix becomes 1 and the {q, p) entry becomes 0; 
• If the ip, q) entry in the SSIM is A, then the {p, q) entry in the initial 
reachability matrix becomes 0 and the {q, p ) entry becomes 1; 
• If the {p, q) entry in the SSIM is X, then the (p, q) entry in the initial 
reachability matrix becomes 1 and the {q, p) entry also becomes 1; and 
• If the (p q) entry in the SSIM is O, then the {p, q) entry in the initial 
reachability matrix becomes 0 and the {q, p) entry also becomes 0. 
tBarriers 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
1 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 
Table 6.2: Initia 
3 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
4 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 
6 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
1 
1 
1 
Reachability Matrix 
7 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
1 
0 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
9 
I 
1 
0 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
0 
1 
10 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
11 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 
12 
1 
1 
1 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
13 
1 
1 
1 
1 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
1 
14 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
15 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
' 
1 1 
Following these rules, initial reachability matrix is prepared as Table 6.2. In the 
second sub-step, final reachability matrix is obtained. The concept of transitivity is 
introduced for this purpose, and some of the cells of the initial reachability matrix 
are filled by inference. After incorporating the transitivity concept in the Table 6.2, 
the final reachability matrix is developed and is presented in Table 6.3 wherein 
entries marked 1* show the incorporated transitivity. 
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Table 6.3: Final Reachability Matrix 
r 
'Barriers 
S.No. 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
1 
0 
1* 
0 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 
3 
1* 
0 
0 
4 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
1* 
1 
0 
1 
1 
0 
1* 
0 
0 
1 
1 
0 
0 
1 
1 
6 
1* 
0 
1* 
7 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
1 • 
0 
1* 
1* 
0 
9 
1 
1 
1* 
1 
1 
1 
1* 
1 
1 
1* 
1 
1 
1 
1* 
1 
10 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
11 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 
12 
0 
1* 
13 
0 
0 
14 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
1* 
0 
0 
1 
0 
15 
1* 
0 
0 
1 
1 
0 
I* 
0 
0 
1* 
1 
0 
0 
1 
1 
6.4.3 Level Partitioning the Final Reachability Matrix 
After creating the final reachability matrix, it is processed to obtain the structural 
model (digraph). Warfield (1974) has presented a series of partitions which are 
induced by the reachability matrix on the set and subset of different variables. 
From these partitions, one can identify many properties of the structural model 
(Farris and Sage 1975). The reachability set and antecedent set for each barrier are 
found from the final reachability matrix. The reachability set consists of the barrier 
itself and the other barrier which it may impact, whereas the antecedent set consists 
of the barrier itself and the other barrier which may impact it. Thereafter, the 
intersection of these sets is derived for all the barriers and levels of different 
barriers are determined. The barriers for whom the reachability and the intersection 
sets are the same, occupy the top level in the ISM hierarchy. The top level barriers 
are those barriers which will not lead the other barriers above their own level in the 
hierarchy. Once the top level barrier is identified, it is removed from consideration 
and other top level barriers of the remaining sub-group are found. This procedure 
is continued till all levels of the structure are identified. These identified levels 
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help in the development of digraph and the final model. Top level barrier is 
positioned at the top of digraph and so on. In the present case, the 15 barriers, 
along with their reachability set, antecedent set, intersection set and levels, are 
presented in Tables 6.4- 6.12. Level identification process of these barriers is 
completed in nine iterations as shown in Tables 6.4 -6.12. 
Table 6.4: Iteration 1 
Variable 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Reachability Set 
1,2,3,5,6,7,8,9,10,11,12 
,13,14,15 
2,3,5,6,8,9,11,12,13,14 
3,6,8,9,12,13 
1,2,3,4,5,6,7,8,9,10,11, 
12,13,14,15 
3,5,6,8,9,12,13,15 
6,9 
2,3,5,6,7,8,9,11,12,13, 
14,15 
3,6,8,9,12,13 
9 
2,3,5,6,8,9,10,11,12,13, 
14,15 
2,3,5,6,8,9,11,12,13,14, 
15 
6,9,12 
3,6,8,9,12,13 
2,3,5,6,8,9,11,12,13,14, 
15 
3,5,6,8,9,12,13,15 
Antecedent Set 
1,4 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
13,14,15 
4 
1,2,4,5,7,10,11,14,15 
1,2,3,4,5,6,7,8,10,11, 
12,13,14,15 
1,4,7 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,2,3,4,5,6,7,8,9,10, 
11,12,13,14,15 
1,4,10 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
12,13,14,15 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,2,4,7,10,11,14 
1,4,5,7,10,11,14,15 
Intersection 
Set 
1 
2,11,14 
3,8,13 
4 
5,15 
6 
7 
3,8,13 
9 
10 
2,11,14 
12 
3,8,13 
2,11,14 
5,15 
Level 
I 
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Table 6.5: Iteration 2 
Variable 
1 
2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
Reachability Set 
1,2,3,5,6,7,8,10,11,12,13, 
14,15 
2,3,5,6,8,11,12,13,14 
3,6,8,12,13 
1,2,3,4,5,6,7,8,10,11,12, 
13,14,15 
3,5,6,8,12,13,15 
6 
2,3,5,6,7,8,11,12,13,14, 
15 
3,6,8,12,13 
2,3,5,6,8,10,11,12,13,14, 
15 
2,3,5,6,8,11,12,13,14,15 
6,12 
3,6,8,12,13 
2,3,5,6,8,11,12,13,14,15 
3,5,6,8,12,13,15 
Antecedent Set 
1,4 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
13,14,15 
4 
1,2,4,5,7,10,11,14, 
15 
1,2,3,4,5,6,7,8,10,11 
,12,13,14,15 
1,4,7 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,4,10 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
12,13,14,15 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,2,4,7,10,11,14 
1,4,5,7,10,11,14,15 
Intersection 
Set 
1 
2,11,14 
3,8,13 
4 
5,15 
6 
7 
3,8,13 
10 
2,11,14 
12 
3,8,13 
2,11,14 
5,15 
Level 
II 
139 
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Table 6.6: Iteration 3 
Variable 
1 
2 
3 
4 
5 
7 
8 
10 
11 
12 
13 
14 
' ^ 
Reachability Set 
1,2,3,5,7,8,10,11,12,13, 
14, 15 
2,3,5,8,11,12,13,14 
3,8,12,13 
1,2,3,4,5,7,8,10,11,12,13, 
14,15 
3,5,8,12,13,15 
2,3,5,7,8,11,12,13,14,15 
3,8,12,13 
2,3,5,8,10,11,12,13,14,15 
2,3,5,8,11,12,13,14,15 
12 
3,8,12,13 
2,3,5,8,11,12,13,14,15 
3,5,8,12,13,15 
Antecedent Set 
1,4 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
13,14,15 
4 
1,2,4,5,7,10,11,14, 
15 
1,4,7 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,4,10 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
12,13,14,15 
1,2,3,4,5,7,8,10,11, 
13, 14,15 
1,2,4,7,10,11,14 
1,4,5,7,10,11,14,15 
Intersection 
Set 
1 
2,11,14 
3,8,13 
4 
5,15 
7 
3,8,13 
10 
2,11,14 
12 
3,8,13 
2,11,14 
5,15 
Level 
m 
Table 6.7: Iteration 4 
Variable 
1 
2 
3 
4 
5 
7 
8 
10 
11 
13 
14 
15 
Reachability Set 
1,2,3,5,7,8,10,11,13,14,15 
2,3,5,8,11,13,14 
3,8,13 
1,2,3,4,5,7,8,10,11,13,14, 
15 
3,5,8,13,15 
2,3,5,7,8,11,13,14,15 
3,8,13 
2,3,5,8,10,11,13,14,15 
2,3,5,8,11,13,14,15 
3,8,13 
2,3,5,8,11,13,14,15 
3,5,8,13,15 
Antecedent Set 
1,4 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
13,14,15 
4 
1,2,4,5,7,10,11,14, 
15 
1,4,7 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,4,10 
1,2,4,7,10,11,14 
1,2,3,4,5,7,8,10,11, 
13,14,15 
1,2,4,7,10,11,14 
1,4,5,7,10,11,14,15 
Intersection 
Set 
1 
2,11,14 
3,8,13 
4 
5,15 
7 
3,8,13 
10 
2,11,14 
3,8,13 
2,11,14 
5,15 
Level 
IV 
IV 
IV 
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Table 6.8: Iteration 5 
Variable 
1 
2 
4 
5 
7 
10 
11 
14 
15 
Reachability Set 
1,2,5,7,10,11,14, 15 
2,5,11,14 
1,2,4,5,7,10,11,14,15 
5,15 
2,5,7,11,14,15 
2,5,10,11,14,15 
2,5,11,14,15 
2,5,11,14,15 
5,15 
Antecedent Set 
1,4 
1,2,4,7,10,11,14 
4 
1,2,4,5,7,10,11,14,15 
1,4,7 
1,4,10 
1,2,4,7,10,11,14 
1,2,4,7,10,11,14 
1,4,5,7,10,11,14,15 
Intersection 
Set 
1 
2,11,14 
4 
5,15 
7 
10 
2,11,14 
2,11,14 
5,15 
Level 
V 
V 
Table 6.9: Iteration 6 
Variable 
1 
2 
4 
7 
10 
11 
14 
Reachability Set 
1,2,7,10,11,14 
2,11,14 
1,2,4,7,10,11,14 
2,7,11,14 
2,10,11,14 
2,11,14 
2,11,14 
Antecedent Set 
1,4 
1,2,4,7,10,11,14 
4 
1,4,7 
1,4,10 
1,2,4,7,10,11,14 
1,2,4,7,10,11,14 
Intersection Set 
1 
2,11,14 
4 
7 
10 
2,11,14 
2,11,14 
Level 
VI 
VI 
VI 
Table 6.10: Iteration 7 
Variable 
1 
4 
7 
10 
Reachability Set 
1,7,10 
1,4,7,10 
7 
10 
Antecedent Set 
1,4 
4 
1,4,7 
1,4,10 
Intersection 
Set 
1 
4 
7 
10 
Level 
VII 
VII 
Table 6.11: Iteration 8 
Variable 
1 
4 
Reachability Set 
1 
1,4 
Antecedent Set 
1,4 
4 
Intersection 
Set 
I 
4 
Level 
VIII 
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Table 6.12: Iteration 9 
Variable 
4 
Reachability Set 
4 
Antecedent Set 
4 
Intersection Set 
4 
Level 
IX 
6.4.4 Development of Conical Matrix 
Development of conical matrix is carried out by clubbing together barriers in the 
same level, across rows and columns of the final reachability matrix, as shown in 
Table 6.13. The driving power of a barrier is calculated by summing up the number 
of ones in the rows and its dependence power by summing up the number of ones 
in the columns. Subsequently, ranks are calculated by giving highest ranks to the 
barriers that have the maximum number of ones in the rows and columns 
indicating driving power and dependence power respectively. 
Table 6.13: Conical Matrix 
i 
Harriers 
LNO. 
9 
6 
12 
3 
8 
13 
5 
15 
2 
11 
14 
7 
10 
1 
4 
Dependence 
9 
15 
6 
0 
14 
12 
0 
0 
13 
3 
0 
0 
0 
12 
8 
0 
0 
0 
12 
13 
0 
0 
0 
12 
5 
0 
0 
0 
0 
0 
0 
12 
15 
0 
0 
0 
0 
0 
0 
0 
8 
2 
0 
0 
0 
0 
0 
0 
0 
0 
7 
11 
0 
0 
0 
0 
0 
0 
0 
0 
"•1 
7 
14 
0 
0 
0 
0 
0 
0 
0 
0 
7 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
3 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
Driving 
Power 
1 
2 
3 
6 
6 
6 
8 
8 
10 
11 
11 
12 
12 
14 
15 
6.4.5 Development of Digraph 
Based on the conical matrix, an initial digraph including transitivity links is 
obtained. This is generated by nodes and lines of edges. If there is a relationship 
between the barriers p and q this is shown by an arrow which points from p to q. 
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After removing the indirect links, a final digraph is developed (Figure 6.1). In this 
development, the top level barrier is positioned at the top of the digraph and second 
level barrier is placed at second position and so on, until the bottom level is placed 
at the lowest position in the digraph. 
Figure 6.1: Digraph Depicting Levels of Barriers 
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Figure 6.2: ISM Based Model for Barriers 
Lack of appropriate performance metrics 
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Lack of integrated 
information system 
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amongst supply chain 
partners 
Restrictive company policies 
towards product /process 
stewardship 
Lack of Market demand 
Non adoption of Cleaner 
Technology 
Inadequate adoption of 
Reverse logistics 
practices 
Financial 
constraints 
Lack of support from government/ 
regulatory authorities 
Lack of Strategic Planning 
Lack of Top management 
Lack of Corporate social 
responsibility 
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6.4.6 Building the ISM- based Model 
In the next step the digraph is converted into an ISM model by replacing nodes of 
the barriers with statements as shown in Figure 6.2. From the model developed 
with the identified barriers in this research, it is clear that the most important 
barrier that hamper greening the supply chain in Indian manufacturing industries is 
lack of corporate social responsibility (barrier 4), which forms the base of ISM 
hierarchy. Lack of appropriate environmental performance metrics (barrier 9) on 
which the effectiveness of GSCM activities depends, has appeared on top of the 
hierarchy. 
The lack of corporate social responsibility (barrier 4) leads to lack of commitment 
from top management towards the green activities and programs (barrier 1), which 
results in inadequate strategic planning pertaining green initiatives (barrier 7). 
Adequate strategic planning should be in place before allocating funds for green 
business practices (barrier 14) else it may lead to problems in adoption to reverse 
logistics activities (barrier 2) and cleaner technology (barrier II) which would 
counter the objectives of green supply chain. Also, the lack of support and 
guidance from regulatory authorities (barrier 10) hampers adoption of reverse 
logistics practices and cleaner technology. Financial constraints (barrier 14) force 
restrictive company policies towards product and process stewardship which also 
influences or/and influenced by lack of market demand for green products (barrier 
5). Green product design and development besides adoption of cleaner technology 
for green process management and implementation of reverse logistics activities 
involves high investments, which many companies may not afford. This coupled 
with lack of market demand could result into resistance to change and adopt 
environmental innovation (barrier 13). 
Lack of integrated information system (barrier 8) and resistance to change to adopt 
green practices (barrier 13) are interrelated. A good information system is 
essentially a requirement for successful GSCM programs. Lack of which would 
cause a resistance to change by workforce, that shall in turn affect their eco-
literacy and outcomes of training and education on these issues (barrier 3). A 
system lacking in informing (barrier 8) and supporting suppliers for implementing 
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environmental management system and improving their environmental 
performance and lack of eco-literacy (barrier 3) result in low level of supply chain 
integration (barrier 12). This would also result in lack of preparedness on part of 
the suppliers to adopt green business practices (barrier 6). Without the support of 
suppliers and proper supply chain integration, it would be difficult to evolve and 
implement performance metrics related to green supply chain management 
practices (barrier 9). 
6.5. MICMAC Analysis for Barriers 
The objective of the MICMAC analysis is to analyze the driving power and the 
dependence of the variables. In the present case, based on their driving power and 
dependence, the previously identified variables are classified into four clusters 
(Figure 6.3). The first cluster comprises of the "autonomous barriers", second 
consists of the "dependent barriers", third has "linkage barriers" and the fourth 
cluster consists of the "independent barriers" The dependence and the driving 
power of each of these barriers are shown in Table 6.13. In this table, an entry of 
" 1 " along the rows and columns indicates the driving power and the dependence, 
respectively. Subsequently, the driving-dependence power diagram is constructed 
as Figure 6.3. As an illustration, it is observed from Table 6.13 that barrier I is 
having a driver power of 14 and a dependence of 2. Therefore, in Figure 6.3, it is 
positioned at a place corresponding to a driving power of 14 and a dependence of 2 
i.e. in cluster four. Its position in the cluster four shows that it is an independent 
barrier. Similarly, all the barriers are positioned at places corresponding to their 
driving power and dependence. 
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Figure 6.3: Driving Power-Dependence Diagram (Barriers) 
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6.6 Application of ISM approach to the Enablers 
Secondly, ISM approach has been utilized in development of a model of enablers 
facilitating the adoption of GSCM. 
6.7 Enablers 
The top 15 enablers identified through survey research are reproduced below. A 
brief discussion on the same has also been carried out to reiterate some of the key 
points regarding each of them. 
6.7.1 Top Management Commitment 
To ensure complete environmental excellence, top management must be totally 
committed (Rice, 2003). A demonstrated leadership to address environmental 
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concerns in the business activities of the enterprises is considered necessary to 
provide a clear vision. In various studies conducted (Aragon-Correa, 1998; Sharma, 
2000; Ghobadian et al., 1998; Van den Bosch and Van Riel, 1998), top 
management has also been reiterated as one of the most influential factors in 
determining the environmental proactiveness of a firm. Thus, the range of 
environmental management and the extent of environmental investments inevitably 
rely on the top management's attitude to the environmental issues (Lee and Rhee, 
2007). 
6.7.2 Societal Concern for Protection of Natural Environment 
People are increasingly disapproving behaviors that cause damage to the 
environment (Price and Coy, 2001). Many factors such as legislations, 
stakeholders' pressure, economic opportunities and ethical motives have led 
organizations in developing and applying environmental strategies (Bansal and 
Roth, 2000). Improved relations with local communities and other external 
stakeholders are becoming increasingly important for companies, as a matter of 
both law and of best practice (McNulty et al., 1998). This has led companies to 
improve their environmental practices and the information they make available to 
the public concerning these practices. Further public interest groups in society are 
increasingly pressuring companies to practice environmental prudence. According 
to Azzone et al. (1997), external pressures resulting from public opinion, 
regulations, the green movement and financial enterprises, have led companies to 
consider the natural environment in strategic management. Additionally, public 
concern on environment has made promoting market value of a clean image and 
the importance of the public's perception of the environmental friendliness 
(Chinander, 2001; Hanna and Newman, 1995). 
6.7.3 Government Policies & Regulations 
Legislation and regulation are the essential instruments for the proper governance 
of business enterprises including the environment in which they operate. 
Environmental laws and regulations are an important framework, within which the 
companies must operate. These are also important means to introduce sustainable 
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development and cleaner production methods within a society. Legal requirements 
are considered as the most significant external influence on the strategy 
formulations in the organizations. Government regulators, environmentalists and 
the public are exhorting operations managers to shift away from their traditional 
emphasis on pollution control toward pollution prevention when improving 
environmental performance (Klassen, 2000). Compliance with environmental 
regulation is the most important stimuli for the encouragement of environmental 
improvement (Baylis et al, 1998). Regulations are the most frequently cited 
external drivers for environmental action, impacting firms at the local, state, 
national, and international levels (Hanna & Newman, 1995; King, 1995; Jaffe et al, 
1995; Porter & van der Linde, 1995; Hart, 1997). Government regulation on 
product end-of-life and production processes has emphasized the need to address 
environmental concerns during the product design process to ensure environmental 
compliance (Santos-Reyes and Lawlor-Wright, 2001). 
6.7.4 Eco-literacy amongst Supply Chain Partners 
Eco-literacy can be defined as the expertise and understanding when tackling 
environmental issues, resulting in proactive responses to them. In other words, the 
term eco-literacy can be used to describe the learning process to help build 
sustainable future for present as well as the coming generations. It has long been 
recognized that education and training are essential ingredients of effective 
environmental and resource management, and thus a crucial means of nudging the 
business community towards a more sustainable development (Madsen and Ulhiii, 
2001). By training employees in pollution prevention, organizations are better able 
to take advantage of the day-to-day contact, employees have with opportunities for 
improving environmental performance (Theyel, 2000). 
6.7.5 Customer Satisfaction through Environmental Performance 
Customer satisfaction is the concept of how well the current customers are utilizing 
the company's products and what their feelings are about its services (Simchi-Levi 
et al, 2004). Both industrial customers and end consumers are demanding product 
stewardship - the 'cradle-to-grave' management of products throughout their entire 
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life cycle (Hanna and Newman, 1995). Thus, customer demands for improvement 
in environmental performance have now become the most important type of 
external pressure (Doonan et al., 2005). Improved customer satisfaction via 
environmental management can have significant synergies with cost reduction. 
Customers now apart from looking for better quality products, low prices, shorter 
lead time, value-added services and more flexibility also value environmental 
protection and resource conservation. Environmental consciousness of consumers 
is a force driving companies to engage in environmental management (Chen et al, 
2006). 
6.7.6 Certification to ISO: 14001 EMS 
Environmental management System (EMS) ISO: 14000 Series, is a set of 
International Standards for improving and harmonizing environmental 
management practices around the globe. These standards are based on best 
practices framework and their emergence point towards stringent environmental 
regulations. An EMS captures the environmental burdens of an entire facility or 
organization and encourages continual improvement of environmental performance 
(Matthews, 2003). These guidelines and standards assist organizations in moving 
towards ecologically sustainable business practices (Beamon, 1999). Alexander 
(1996) emphasizes that ISO: 14000 EMS also aims at improving international trade 
and removing trade barriers. Adoption and certification to ISO 14001 is 
increasingly considered as a new global passport for international trade (Marcus 
and Willig, 1997). An ISO 14001 certification can be a legitimate indicator of the 
organization's possessing superior management practices, especially on 
environmental matters. 
6.7.7 Proper Workplace Management: Housekeeping Practices 
Housekeeping is a basic measure of improving environmental performance in any 
firm. Usage of resources like water, air, and energy can be significantly reduced 
through minimizing leaks and spills. Kiran-Ciliz (2003) observes in her study 
conducted in Turkey that simply avoiding energy leakage, by re-insulation, etc. in 
a wet processing unit saved about 10% total energy consumption. Good 
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housekeeping practices generally cost very little or nothing but they help in 
improving workers' morale, workplace safety and the product quality to a large 
extent. Japanese 5-S practice (5-S), whose primary focus is on proper workplace 
management and good housekeeping, has provided excellent results in creating 
cleanliness and orderliness at workplaces. Environmental management in a 
business and industrial context is based upon philosophy that relates strongly to the 
5Ss (O'hEocha, 2000). According to Charantimath (2004), 5-S practice is a 
technique used to establish and maintain quality environment in an organization 
and is the key to total quality environment. 
6.7.8 Green Product Development 
Green products are made in a way that generally puts less strain on the 
environment than conventionally manufactured goods of similar type (Hendrickson 
and Tuttle, 1997). It is recognized that products have environmental impacts over 
the course of their entire life cycle, from extraction and procurement of raw 
materials through to manufacturing, distribution, use and disposal (Santos-Reyes 
and Lawlor-Wright, 2001). However, most of the environmental influence of any 
product or material is locked into the product at the design stage of a product, when 
materials and processes are selected and product environmental performance is 
largely determined (Lewis and Gretsakis, 2001). Design of green products help 
resource reduction which is referred as the minimization of materials used in 
production, and minimization of waste and energy achieved (Carter and Ellram, 
1998). Green product development, which addresses environmental issues through 
product design and innovation as opposed to the traditional end-of-pipe control 
approach, is receiving significant attention from customers, industries and 
governments around the world (Chen, 2001). 
6.7.9 Green Procurement Practices 
Green procurement is concerned with an environmentally-conscious purchasing 
that reduces sources of waste and promotes recycling and reclamation of purchased 
materials without adversely affecting performance requirements of such materials 
(Min and Galle, 2001). Green purchasing leads to sustainable development with 
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benefits to environment (Green et al, 1998). Godfrey (1998) emphasized green 
purchasing as important criteria for the companies to survive in the competitive 
market. Green purchasing also influences the supplier's environmental programme 
and ability to meet environmental specifications (Pun, 2006). The integration of 
environmental and purchasing concerns can have the effect of reducing life-cycle 
costs, reducing environmental and health risks, and thereby liability risks (Green et 
al., 1998). Purchasing contracts can be used by organizations to influence their 
suppliers' behavior by requiring environmentally preferable practices. 
6.7.10 Availability of Clean Technology 
Technological innovation has generally been accepted as one important basis for 
substantive, sustained, long-term improvements in both economic and 
environmental performance (Ashford, 1993). Environmental technologies are 
defined as production equipment, methods, practices, product designs and delivery 
systems that limit or reduce negative impacts of products or services on the natural 
environment (Klassen and Whybark, 1999; OECD, 1995; Shrivastava, 1995a). A 
growing body of research is calling for a shift away from a narrow emphasis on 
pollution control technology to a broader view that pollution must be reduced 
before its initial generation, commonly referred to as pollution prevention 
technologies, source reduction or clean technologies (Freeman et al, 1992). These 
technologies extract and use natural resources more efficiently, generate products 
with fewer harmful components, minimize pollutant releases to air, water and soil 
during manufacturing and product use, and produce more durable products that can 
be recovered or recycled to the greatest possible extent (OECD, 1995). The 
development and installation of clean technologies provide one mechanism for 
achieving improved environmental performance at the operations level. 
6.7.11 Lean Manufacturing Practices 
Lean manufacturing is broadly described as an integrated approach to the 
management of a manufacturing organization, that encompasses a wide variety of 
practices, including just-in-time, quality systems, work teams, cellular 
manufacturing and supplier management (Shah and Ward, 2003). Rothenberg 
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(2003) noted that pollution prevention activities are often value-added for the firm 
since they reduce costs through material use reduction or through the avoidance of 
waste management costs. The objective of lean manufacturing is to generate a 
system that is efficient and well organized and devoted to continuous improvement 
and the elimination of all forms of waste (Simpson and Power, 2005). Thus, lean 
manufacturing practices have great potential for reciprocal benefits to firm 
environmental management practices. Porter and van der Linde (1995) claim that 
firms are increasing their profits and improving their environmental performance 
by focusing on resource productivity. With focus on waste minimization, energy 
efficiency and innovation, the manufacturing function can provide an important 
facilitative role for environmental management activities. 
6.7.12 Economic Interests 
Organizations are expected to adopt green business practices if it would result in 
specific financial and operational benefits (Bowen et al. 2001). Several researchers 
studying environmental management claim that the adoption of environmental 
management practices would lead to increased profits and improved environmental 
performance (Hart, 1997; Porter and van der Linde, 1995; Schmidheiny, 1992; 
Smart, 1992). Firms use improved environmental performance to lower their costs 
by reducing waste in their production processes (Shrivastava, 1996). Firms are also 
reducing their environmental compliance costs and lessening the threat of civil and 
criminal liability for polluting by preventing pollution at the source (Baram and 
Partan, 1990). 
6.7.13 Eco-Iabeling of Products 
Eco-Iabeling is a voluntary scheme designed to encourage businesses to market 
products and services that are environmental friendly. It helps to identify 
environmental friendly products and acts as a customers' guide to greener products 
and services. Eco-label is part of a broader strategy aimed at promoting sustainable 
consumption and production. Eco-Iabeling has a clear objective of encouraging 
business to market greener products (Fielding, 2001), and for consumers, it is a 
good way to make informed environmental choices while purchasing. Eco-labels 
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assist companies to improve their all around environmental performance and are 
also considered a seal of approval for the environmental quality (D'Souza, 2004). 
6.7.14 Reverse Logistics Practices 
Reverse logistics can be defined as the process of planning, implementing and 
controlling the efficient, cost effective flow of raw-material, in-process inventory, 
finished goods and related information from the point of consumption to the point 
of origin for the purpose of recapturing value or proper disposal (Roger and 
Tibben-Lembke, 1999). Reverse logistics also known as 'environmental friendly 
supply chain' has received increasing acceptance since the last decade due to 
increased awareness about economic, environmental and associated social benefits. 
Reverse logistics has important environmental dimensions (Wu and Dunn, 1995) 
as well as dimensions related to value reclamation from products returned from 
customers. Proper disposal of end-of-life products leads to environmental 
protection (Roger and Tibben-Lembke, 1999). As per Cater and Ellram (1998) 
with reverse logistics companies can become more environmentally efficient 
through recycling, reusing and reducing the amount of material used. Thus the 
relevance of reverse logistics has increased in present industrial scenario owing to 
the concerns to environment and sustainable development. 
6.7.15 Competitiveness 
Companies that pioneer in green innovation enjoy the first mover advantage, 
which allow them to ask for a higher price for green products and, at the same time, 
improve their corporate images, develop new markets, and gain competitive 
advantages (Chen et al, 2006). Companies that proactively incorporate 
environmental goals into their business practices and strategic plans enjoy a 
competitive advantage (Newman and Hanna, 1996). Companies that have 
integrated environmental management into their manufacturing strategy appreciate 
that the product and process improvements and redesign associated with pollution 
prevention practices, help to reduce costs in a variety of ways including increased 
conformance, increased yields, reduced use of hazardous materials, increased 
recycling of process 'by-products' and increased recyclability of used products 
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(Newman and Hanna 1996). As cost of raw materials forms a larger portion of a 
product's total cost, the cost of waste material emitted into the environment with 
no revenue return becomes a more significant competitive issue. In situation where 
production volumes are high, a significant competitive advantage can be derived 
from small reductions in material waste per unit (Noci, 1995). Therefore, 
management of wastes in supply chain functions and waste exchange can lead to 
cost savings and enhanced competitiveness (Rao, 2003). 
6.8. ISM Model for Enablers 
The various steps, which lead to the development of model, are illustrated below: 
6.8.1 Establishing the contextual relationship between Enablers 
After identifying and enlisting the top 15 enablers through literature review and 
experts' opinions, the next step was to analyze these enablers. For this purpose, a 
contextual relationship of "leads to" type was chosen. This meant that one enabler 
helped improve another enabler. Based on this, contextual relationship was 
developed. Some experts, both from industry and academia, were consulted in 
developing the contextual relationship among the enablers. Keeping in mind the 
contextual relationship for each enabler, the existence of a relation between any 
two enablers (i and j) and the associated direction of the relation is established. 
Four symbols are used to denote the direction of relationship between the enablers 
(iandj): 
• Symbol 'V is used for the relationship when enabler i will improve enabler 
j ; 
• Symbol 'A' is used for the relationship when enabler i will be improved by 
enabler j ; 
• Symbol 'X' is used for the relationship when enabler i and j will improve 
each other; and 
• Symbol ' 0 ' is used when enablers i and j are unrelated. 
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6.8.2 Development of Structural Self-Interaction Matrix (SSIM) 
Based on the contextual relationship between the enablers, the SSIM has been 
developed. To obtain consensus, the SSIM was discussed in a group of experts. 
Based on their responses, SSIM has been finalized and is presented in Table 6.14. 
The following statements explain the use of symbols V, A, X, and O in SSIM: 
• Symbol ' V is assigned to cell (2, 3) because enabler 2 improves or 
influences enabler 3. 
• Symbol 'A' is assigned to cell (8, 9) because enabler 8 is improved by 
enabler 9 
• Symbol 'X' is assigned to cell (2, 4) because enablers 2 and 4 improve each 
other, and 
• Symbol 'O' is assigned to cell (13, 15) because enabler 13 and enabler 15 
are unrelated. 
Table 6.14: Structural Self-Interactive Matrix (SSIM) 
r 
^ Enablers 
1. Top management commitment 
2. Societal concern for protection 
of natural environment 
3. Government policies & 
regulations 
4. Eco-Iiteracy amongst supply 
chain parmers 
5. Customer satisfaction through 
environmental performance 
6. Certification to ISO: 14001 EMS 
7. Proper workplace management/ 
Housekeeping practices 
8. Green product development 
9. Green procurement practices 
10. Availability of clean technology 
11. Lean manufacturing 
12. Economic interests 
13. Eco-labeling of products 
14. Reverse logistics practices 
15. Competitiveness 
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6.8.3 Development of Reachability Matrix 
The next step is to develop the reachability matrix from SSIM. Reachability matrix 
is obtained in two sub-steps. In the first sub-step, the SSIM format is converted 
into the initial reachability matrix format by substituting the information of each 
cell of SSIM into binary digits (i.e. Is or Os). This substitution has been done with 
the following rules: 
• if the (i, j) entry in the SSIM is V, then the (i, j) entry in the reachability 
matrix becomes 1 and the (j, i) entry becomes 0; 
• if the (i, j) entry in the SSIM is A, then the (i, j) entry in the reachability 
matrix becomes 0 and the (j, i) entry becomes I; 
• if the (i, j) entry in the SSIM is X, then the (i, j) entry in the reachability 
matrix becomes 1 and the (j, i) entry also becomes 1; and 
• if the (i, j) entry in the SSIM is O, then the (i, j) entry in the reachability 
matrix becomes 0 and the (j, i) entry also becomes 0. 
Following these rules, Initial reachability matrix is prepared as shown in Table 
6.15. In the second sub-step, final reachability matrix is prepared. For this purpose, 
the concept of transitivity is introduced so that some of the cells of the initial 
reachability matrix are filled by inference. After incorporating the transitivity 
concept the final reachability matrix is obtained and is presented in Table 6.16. 
157 
Chapter 6 Developing ISM-based Models 
Table 6.15: Initial Reachability Matrix 
^Enablers 
1. Top management 
commitment 
2. Societal concern for 
protection of natural 
environment 
3. Government policies & 
regulations 
4. Eco-literacy amongst 
supply chain partners 
5. Customer satisfaction 
through environmental 
performance 
6. Certification to 
ISO: 14001 EMS 
7. Proper workplace 
management 
Housekeeping practices 
8. Green product 
development 
9. Green procurement 
practices 
10. Availability of clean 
technology 
11. Lean manufacturing 
12. Economic interests 
13. Eco-labeling of products 
14. Reverse logistics 
practices 
15. Competitiveness 
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• Enablers 
1 
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Table 6.16: 
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15 
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(1* entries show the incorporated transitivity) 
In Table 6.16, the driving power and the dependence of each enabler are also 
shown. The driving power for each enabler is the total number of enablers 
(including itself), which it may impact. Dependence is the total number of enablers 
(including itself), which may be impacting it. These driving power and 
dependencies will be used in the MICMAC analysis, where the enablers will be 
classified into four groups of autonomous, dependent, linkage, and independent 
(driver) enablers. 
6.8.4 Level Partitions of Reachability Matrix 
Once the reachability matrix has been created, it must be processed to extract the 
digraph (structural model). From the final reachability matrix, the reachability and 
antecedent set (Warfield, 1974) for each enabler are found. The reachability set 
consists of the variable itself and the other variables which it may impact, whereas 
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the antecedent set consists of the variable itself and the other variables which may 
impact it. Thereafter, the intersection of these sets is derived for all the enablers. 
The enablers, for whom the reachability and the intersection sets are the same, 
occupy the top level in the ISM hierarchy. The top-level variable in the hierarchy 
would not help achieve any other variable above its own level. 
Once the top-level variable is identified, it is separated out from the other variables. 
From Table 6.17, it is seen that the customer satisfaction through environmental 
performance (enabler 5) is found at level 1. Thus it would be positioned at the top 
of the ISM hierarchy. Then, the same process is repeated to find out the variables 
in the next level. This process is continued until the level of each enabler is found. 
Results for iteration ii-ix are summarized in Table 6.18. These levels help in 
building the digraph and the final model. 
Table 6.17: Iteration i 
Enabler 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Reachability Set 
1,4,5,6,7,8,10,11,12,13, 
14,15 
1,2,3,4,5,6,7,8,9,10,11, 
12,13,14,15 
1,2,3,4,5,6,7,8,9,10,11, 
12,13,14,15 
1,2,3,4,5,6,7,8,9,10,11, 
12,13,14,15 
1 
2,4,5,6,7,8,9,10,11,13,14 
4,5,6,7,8,10,11,12,13,14, 
15 
5,6,8,10,12,13,14,15 
4,5,6,8,9,10,12,13,14,15 
5,6,8,10,12,13,14,15 
4,5,6,8,10,11,12,13,14, 
15 
8,10,12,13,14,15 
5,13 
4,5,6,8,10,12,13,14,15 
5,15 
Antecedent Set 
1,2,3,4 
2,3,4,6 
2,3,4 
1,2,3,4,6,7,9,11,14 
1,2,3,4,5,6,7,8,9,10,11, 
12,13,14,15 
1,2,3,4,6,7,8,9,10,11,14 
1,2,3,4,6,7 
1,2,3,4,6,7,8,9,10,11,12,14 
2,3,4,6,9 
1,2,3,4,6,7,8,9,10,11,12,14 
1,2,3,4,6,7,11 
1,2,3,4,7,8,9,10,11,12,14 
1,2,3,4,6,7,8,9,10,11,12,13,14 
1,2,3,4,6,7,8,9,10,11,12,14 
1,2,3,4,7,8,9,10,11,12,14, 
15 
Intersection Set 
1,4 
2,3,4,6 
2,3,4 
1,2,3,4,6,7,9,11, 
14 
1 
2,4,6,7,8,9,10, 
11,14 
4,6,7 
6,8,10,12,14 
4,6,9 
6,8,10,12,14 
4,6,11 
8,10,12,14 
13 
4,6,8,10,12,14 
15 
Level 
I 
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Table 6.18: Iteration ii-ix 
Iteration 
ii 
ii 
ill 
iii 
iv 
iv 
V 
vi 
vi 
vii 
viii 
ix 
ix 
ix 
Enabler 
13 
15 
8 
12 
10 
14 
9 
6 
11 
7 
1 
2 
3 
4 
Reacliability Set 
13 
15 
6,8,10,12,14 
8,10,12,14 
6,10,14 
4,6,10,14 
4,6,9 
2,4,6,7,11 
4,6,11, 
4,7, 
1,4 
2,3,4 
2,3,4 
2,3,4 
Antecedent Set 
1,2,3,4,6,7,8,9,10,11,12,13,14 
1,2,3,4,7,8,9,10,11,12,14,15 
1,2,3,4,6,7,8,9,10,11,12,14 
1,2,3,4,7,8,9,10,11,12,14 
1,2,3,4,6,7,9,10,11,14 
1,2,3,4,6,7,9,10,11,14 
2,3,4,6,9 
1,2,3,4,6,7,11 
1,2,3,4,6,7,11 
1,2,3,4,7 
1,2,3,4 
2,3,4 
2,3,4 
2,3,4 
Intersection 
Set 
13 
15 
6,8,10,12,14 
8,10,12,14 
6,10,14 
4,6,10,14 
4,6,9 
2,4,6,7,11 
4,6,11 
4,7 
1,4 
2,3,4 
2,3,4 
2,3,4 
Level 
II 
II 
III 
III 
IV 
IV 
V 
VI 
VI 
VII 
VIII 
IX 
IX 
IX 
6.8.5 Building the ISM-based Model 
From the final reachability matrix (Table 6.16), the structural model is generated 
by means of vertices or nodes and lines of edges. If there is a relationship between 
the enablers i and j , this is shown by an arrow which points from i to j . This graph 
is called a directed graph or digraph. After removing the transitivity as described in 
ISM methodology, the digraph is finally converted into ISM model as shown in 
Figure 6.4. 
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Figure 6.4: ISM Based Model for Enablers 
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From the model developed with the identified enablers in this research, it is clear 
that the most important enablers that help greening the manufacturing supply chain 
are societal concern for protection of natural environment (enabler 2), government 
policies & regulations (enabler 3) and eco-literacy amongst supply chain partners 
(enabler 4), which appear at the base of the model, while customer satisfaction 
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through environmental performance (enabler 5) which appears at the top depicts 
the successful implementation of greening of supply chain. 
Societal concern for protection of natural environment (enabler 2) leads to 
formation of government policies and enforcement of regulation (enabler 3). It also 
influences eco-literacy (enabler 4) among the supply chain partners; on the other 
side increased environmental awareness leads to improved societal concern for 
protection of natural environment. The governmental policies, regulations & 
societal concern lead to top management commitment (enabler 1) for green supply 
chain initiatives. They in turn initiate lean manufacturing practices (enabler 11) in 
their business processes along with adoption of effective house-keeping practices 
(enabler 7). Top management also exhibits its commitment by implementing and 
certification to environmental management system (EMS) as per ISO: 14001 
standard (enabler 6). Lean manufacturing practices (enabler 11) helps 
implementing ISO: 14001, since it focuses on waste minimization and effective 
utilization of resources. Effective house-keeping practices facilitate both ISO: 
14001 certification as well as adoption of lean manufacturing practices. This 
further leads to adoption of green procurement practices (enabler 9). Adoption of 
green procurement practices by the companies augments the implementation of 
reverse logistic practices (enabler 14) in the supply chains. Adoption of reverse 
logistic shall call for clean technology (enabler 10), which when developed and 
deployed leads to economic gains (enabler 12) in terms of reductions in various 
costs viz. environmental costs, handling & storage cost, litigation cost, penalties & 
fines, waste disposal cost, besides reduced material cost. Also clean technologies 
facilitate green product development (enabler 8). Even economic interests help 
pursuing green products. The development and production of green products and 
economic benefits in turn lead to increased competitiveness. Green products also 
help achieving eco-labels (enabler 13) which leads to satisfaction of customer 
demand for environmental performance (enabler 5) by virtue of getting informed 
environmental choices while purchasing an eco-labeled product. Enhanced 
competitiveness also leads to costumer satisfaction since it offers benefits to 
customer. 
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6.9. MICMAC Analysis for Enablers 
The dependence and the driving power of each of these enablers are shown in 
Table 6.16. In this table, an entry of " 1 " added along the rows and columns 
indicates the driving power and the dependence, respectively. Subsequently, the 
driving power-dependence diagram is constructed as Figure 6.5. As an illustration, 
it is observed from Table 6.16 that enabler' 1' is having a driver power of 12 and a 
dependence of 4. Therefore, in this figure, it is positioned at a place corresponding 
to a driving power of 12 and a dependence of 4 (Figure 6.5). 
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6.10. Discussion 
Two models have been presented in this chapter. The first model dealt with 
barriers to GSCM. Whereas, the second one attempted identification of key 
enablers, which the top management should focus on such that customer 
satisfaction through improved environmental performance could be achieved in 
GSCM programs. 
6.10.1 ISM Model for Barriers 
The barriers hindering the GSCM practices pose considerable challenges both for 
manufacturing managers as well as policy makers in industries. In this chapter, an 
ISM-based model has been developed to analyze the interactions among different 
GSCM barriers. These barriers need to be overcome for success in GSCM 
programs. It also identifies the hierarchy of actions to be taken for handling 
different barriers. The driver- dependence diagram gives some valuable insights 
about the relative importance and the interdependencies among the barriers. The 
manufacturing managers can get better insights of these barriers, so that they can 
proactively deal with these barriers. Some of the important implications emerging 
from the ISM model are discussed below. 
• The driver-dependence matrix (Figure 6.3) shows that there is no autonomous 
barrier. Autonomous barrier is a weak driver and dependent and does not have 
much influence on the system. The absence of autonomous barriers in the 
present study brings light to the fact that all the considered barriers influence 
the GSCM practices. The management, therefore, should pay attention to all 
the considered barriers. 
• Dependent barriers are lack of appropriate environmental performance metrics 
(barrier 9), lack of eco-literacy (barrier 3), low level of supply chain integration 
(barrier 12), lack of preparedness on part of the suppliers (barrier 6), lack of 
integrated information system (barrier 8) and resistance to change and adopt 
innovation on the part of workforce (barrier 13). These barriers are weak 
drivers but strongly depend on other barriers. So, the management should 
carefully monitor these barriers to judge the effectiveness of GSCM. 
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• Some barriers, such as lack of market demand (barrier 5) and restrictive 
company policies towards product/ process stewardship (barrier 15), are 
linkage barriers. They have strong driving power as well as high dependence. 
These are the ones which are influenced by lower-level barriers and in turn 
exert impact on other barriers in the model. 
• It is further observed from the Figure 6.3 that barriers such as lack of corporate 
social responsibility (barrier 4), lack of top management commitment (barrierl), 
lack of strategic planning (barrier 7), inadequate adoption of reverse logistic 
practices (barrier 2), non adoption of cleaner technology (barrier 11), lack of 
guidance and support from regulatory authorities (barrierl 0) and financial 
constraints are independent barriers i.e. they have strong driving power and 
weak dependency on others barriers. They may be treated as the key barriers to 
the adoption of GSCM practices. It can also be inferred that these barriers may 
be treated as the root cause of remaining barriers. To manage these barriers, a 
comprehensive strategic plan for GSCM should be initiated to achieve success. 
The levels of different barriers are important in better understanding their 
implications in successfiil implementation of GSCM. An insight into the ISM 
model indicates that barrier (9), i.e. lack of appropriate environmental performance 
metrics is at the top level in ISM model. This barrier is affected by lower level 
barriers. The second level barrier is lack of preparedness of part of suppliers 
(barrier 6) third level barrier is low level of supply chain integration (barrier 12) 
and at fourth level barriers are lack of integrated information system (barrier 8), 
resistance to change and adopt innovation (barrier 13), and lack of eco-literacy 
(barrier 3) are operational barriers. They must be tackled properly for successful 
operation of GSCM programs. Market demand for the green products need to be 
generated and served. Green product development and process management should 
be the part of strategic planning. Effective long term planning can help in adoption 
of cleaner technology, reverse logistic practices and in arranging funds necessary 
for building the necessary infrastructure for GSCM. Lack of corporate social 
responsibility and lack of top management commitment have highest driving 
power and lowest dependence; hence they appear at the bottom level of ISM 
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hierarchy. Since GSCM is rooted from corporate social responsibility concept, top 
management should focus on their corporate social responsibility developing 
appropriate strategies so that benefits of GSCM can be reaped. 
6.10.2 ISM Model for Enablers 
The main objective of this section was to develop a hierarchy of enablers that help 
greening the supply chain of any manufacturing industry. These enablers assume 
significance because of the fact that ability of companies to manage their 
environmental performance is emerging as strategic issue nationally and globally 
as well. This is primarily because the environment is now regarded as an asset to 
be valued. Companies can green their supply chains by integrating environmental 
concerns into their business processes and satisfy their customers. A supply chain 
can be transformed into green supply chain when all the partners have concern to 
and exhibit commitment for protection and conservation of natural environment. 
Improved eco-literacy enables them to equip themselves with requisite knowledge 
and skill for protection, conservation and restoration of natural resources and 
contribute to sustainable development. This is further facilitated by a collaborative 
relationship with governmental policies and regulations. 
This model has some other implications for the practicing managers. This ISM 
based model also identifies the hierarchy of actions to be taken for greening the 
supply chains. The model can also act as a guide to top management to decide 
course of action in successful integration of green practices in their supply chains. 
The driving power- dependence diagram (Figure 6.5) helps to categorize various 
enablers of greening the manufacturing supply chains. There is no enabler in the 
category of autonomous enabler falling in cluster I, which indicates no enabler can 
be considered as disconnected from the whole system and the top management has 
to pay an attention to all the identified enablers for greening the supply chain. In 
cluster II we have dependent enablers such as customer satisfaction, 
competitiveness, economic interests, and eco-labeling of products, which are weak 
drivers but strongly dependent on other enablers. They are seen at the top of the 
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ISM hierarchy (Figure 6.4). These enablers represent desired objectives of the 
green supply chains. 
The next cluster, i.e. cluster III, consists of those enablers that are termed as 
linkage enablers which include availability of clean technology, adoption of 
reverse logistic practices, certification to ISO; 14001 EMS, eco-literacy among the 
supply chain partners and green product development. These enablers are 
influenced by lower level of enablers and in turn influence other enablers in the 
model. A clear inference can be drawn that adoption of reverse logistic practices 
and availability of clean technology will impact issues like economic benefits in 
terms of cost reduction, eco-labeling and enhanced competitiveness in marketplace. 
Certification of ISO: 14001 is an important issue in present scenario for building 
competitiveness, cost reduction, resource use reduction as part of a system ized 
approach. 
The last and the IV cluster has independent enablers which include variables like 
green procurement practices, top management commitment, lean manufacturing, 
proper house-keeping practices, societal concern for environmental protection, 
governmental policies and regulations, which have high driving power but little 
dependence, play a key role in greening the supply chain. By virtue of having 
greater driving power, these enablers are at the bottom of the model and the 
management need to address these enablers more carefully. It can be observed that 
these variables help to achieve the desired results which appear on the top of ISM 
hierarchy. Modem developments call for high level of process accuracy, dust free 
atmosphere, proper maintenance and clean habits. The ISM model shows that 
house-keeping issues have an overall influence on the green initiatives for the 
supply chains, so ample consideration should be give to them. It can be inferred 
that management of manufacturing organizations should devise strategies to 
enhance deployment of these independent variables so that customer satisfaction is 
boosted with improved environmental performance. 
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6.11 Chapter Summary 
In this chapter an attempt has been made to identify and model some important 
barriers and enablers which inhibit and help respectively in adopting and 
implementing GSCM practices. The tAvo models developed in this chapter can be 
useful in the strategic and tactical decisions for a firm to tackle the barriers and 
enablers of GSCM. The main strategic decision relies on top management 
commitment for adoption of GSCM. Once top management commits itself for 
adoption of GSCM, then this decision would help the company to implement the 
GSCM and the firm could reap strategic benefits like, better competitive advantage, 
development of green products and processes, ability to explore international 
markets, improved eco-literacy of supply chain partners leading to development of 
management expertise. These hierarchy based models further demarcates those 
barriers and enablers which are most important and need more attention. The 
variables with higher driving power are more of strategic orientation, while on the 
other hand the variables categorized as dependent are more towards performance 
and result orientation. Thus, superior results could be achieved by continuously 
improving the driving variables. 
The ISM modeling of barriers brings out the fact that lack of corporate social 
responsibility and lack of top management commitment are the most important 
barriers, which inhibit strategic planning, hampering adoption of GSCM. Therefore, 
top management commitment is necessary for the success of GSCM programs. 
Firms are required to focus more on overcoming those barriers, which are having 
high driving power. Simultaneously, they must also find out how many enablers 
for adoption of GSCM are available to them. An important managerial implication 
emerging from these models is that the top management should initially try to 
minimize or more preferably eliminate the various barriers and then actively 
deploy the enablers such that the desired results of GSCM could be reaped. 
In the next chapter, we present the process of validation of the conceptual model 
proposed earlier and presented in Chapter 3. This would help crisply crystallize the 
outcome of this research. 
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Chapter 7 
Validating Conceptual Model 
7.1. Introduction 
This chapter attempts to test the validity of conceptual model using Structural 
Equation Modeling (SEM) technique. The primary aim is to crystallize a 
relationship between green business practices / greening of constituents of the 
supply chain and the environmental, competitiveness & economic performance of 
the organizations. For this purpose, the data collected through the questionnaire-
based survey, results of which have already been reported in Chapter 4, has been 
used. 
LISREL version 8.5 has been used for SEM, as it ensures comprehensive analysis 
and has a graphical user interface, which is easy to understand (Joreskog and 
Sorbom, 2001). It provides for direct import of data from SPSS, (for a brief note on 
SEM methodology, refer to Appendix A3). 
The conceptual model crystallized earlier incorporates three green business 
practices- greening of suppliers, TQEM, and greening of production. These 
practices cover key internal and external activities/ functions that fall within the 
ambit of supply chain management of organizations. It has been recognized and 
acknowledged that GSCM practices do contribute significantly to improve 
environmental, competitiveness and economic performance (Rao and Holt, 2005). 
However, it is imperative to validate this proposition using real life data generated 
through this study. 
7.2 The Conceptual Model 
We have already proposed a conceptual model in Chapter 3. Building blocks of 
this model have been explained in that chapter. For recapitulation, we present the 
same again. 
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Figure 7.1: Conceptual Model 
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The key elements of this conceptual model are as follows: 
We had identified different barriers and assessed their relative importance through 
questionnaire-based survey. Results of the same have already been presented in 
Section 4.3.2. These barriers generate environmental concerns, which may be 
pollution-related or otherwise. These environmental concerns have been captured 
in the questionnaire-based survey and results have already been presented in 
Section 4.3.1. We have also presented findings with respect to enablers in Section 
4.3.4. 
The environmental concerns and enablers thus identified help greening of supply 
chain management practices such as greening of suppliers, total quality 
environmental management (TQEM) and greening of production. These three 
GSCM practices have been discussed in Section 4.3.6, 4.3.7 and 4.3.8. We have 
picked up those relevant practices that are covered under the three GSCM practices 
that constitute the conceptual model presented above. For example, greening of 
suppliers has been captured through: 
• Assessing the environmental performance of the suppliers (Q. No. 15D) 
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• Requiring suppliers and contractors to undertake environmental measures(Q. 
No. 15E) 
• Educating suppliers regarding techniques to improve their environmental 
performance (Q. No. 15F) 
• Arranging for funds to help suppliers to purchase equipments for pollution 
prevention, waste, recycling etc. (Q. No. 15J) 
Similarly, TQEMh&s been captured with factors such as: 
• Assignment of roles and responsibility for environmental programs (Q. No. 
16C) 
• Environmental training programs for employees (Q. No. 16D) 
• Benchmarking environmental performance (Q. No. 16K) 
• Use of cleaner technology/ production processes to minimize waste and make 
savings (Q. No. 16N) 
• Continuous improvement of environmental performance (Q. No. I6Q) 
Greening of production has been captured through questionnaire response to the 
followings: 
• Designing/optimization of process to reduce air emissions (Q. No. 17G) 
• Designing/optimization of process to reduce water use (Q. No. 17H) 
• Designing/optimization of process to reduce solid waste (Q. No. 171) 
• Designing/optimization of process to reduce noise (Q. No. 17J) 
• Recycling of material internal to the company (Q. No. 17L) 
As per conceptual model, GSCM practices lead to resource conservation and 
pollution prevention (Figure 3.1 & 7.1). Resource conservation has been captured 
in the questionnaire survey from the following factors: 
• Improvement in raw material consumption (Q. No. 22A) 
• Improvement in consumables consumption including auxiliary materials (Q. 
No. 22B) 
• Improvement in packing material cost (Q. No. 22F) 
• Improvement in electricity consumption (Q. No. 22G) 
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• Improvement in fuel consumption (Q. No. 22H) 
• Improvement in volume of waste produced/ solid waste generated (Q. No. 221) 
Similarly, pollution prevention has been captured through the following: 
• Improvement in hazardous waste generation (Q. No. 22J) 
• Improvement in air pollution (Q. No. 22K) 
• Improvement in quantity of used oil generation (Q. No. 22L) 
• Improvement in noise pollution (Q. No. 22M) 
According to the conceptual model environmental performance leads to 
competitive and economic performance. The competitiveness has been captured in 
the survey through these measures: 
• Green products/processes development (Q. No. lOD) 
• Reduced risk of litigation (Q. No. IOE) 
• Better corporate image (Q. No. lOF) 
• Improved working environment (Q. No. lOG) 
• Improved employees environmental awareness (Q. No. lOH) 
• Good business relations with customers & other stakeholders (Q. No. 101) 
• Exploring international markets (Q. No. lOK) 
• Increased social acceptance (Q. No. lOL) 
Economic performance has also been captured through: 
• Improvement in return on investment (Q. No. lOA) 
• Better strategic planning through awareness of challenges ahead (Q. No. lOJ) 
• Increased productivity (Q. No. lOM) 
• Risk reduction related to termination of business (Q. No. ION) 
• Carbon credit/ trading (Q. No. lOO) 
The conceptual model so developed has been tested for its validity involving 
Structural Equation Modeling (SEM) technique using LISREL (version 8.5) 
software. 
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7.3. Latent Variables for SEM Model 
The latent variables have already been discussed in detail earlier in this thesis (in 
Chapter 2 titled literature review) However, for recapitulation of main points, a 
brief discussion on each of these factors is presented below. 
7.3.1 Key Enablers and Barriers 
In Chapter 6 of this thesis, the study categorized the identified enablers and 
barriers as key enablers and key barriers based on their driving power and 
dependence (as ascertained through MICMAC analysis). For validating the 
relationship of these key enablers and barriers with the green business practices, all 
of them have been considered in the SEM technique. Key enablers considered are 
government policies & regulations, green procurement practices, societal concerns 
for protection of natural environment, proper workplace management/ 
housekeeping practices, lean manufacturing practices, and top management 
commitment. Key barriers selected are lack of commitment from top management, 
inadequate adoption of reverse logistics practices, inadequate strategic planning, 
lack of guidance and support from regulatory authorities, non adoption of cleaner 
technology, financial constraints, and lack of corporate social responsibility. 
7.3.2 Environmental Concerns 
The environmental concerns that have emerged out of the research questionnaire 
have been categorized as pollution-related and others concerns. 
Pollution-related environmental concerns include: 
• Air pollution, 
• Water pollution, 
• Solid waste, 
• Hazardous waste, 
• Liquid waste, 
• Waste disposal. 
Other environmental concerns are as: 
• Natural resource depletion 
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• Use of hazardous chemicals & substances 
• Low usage of renewable energy sources 
• Eco-literacy 
7.3.3 Green Supply Chain Management Practices 
The green supply chain management practices, for crystallization of conceptual 
model, incorporated three key practices, namely greening of suppliers, total quality 
environmental management and greening of production. 
7.3.3.1 Greening of Suppliers 
Greening of suppliers comprises a variety of activities including requiring 
suppliers to undertake environmental measures, auditing/assessing environmental 
performance of suppliers, working with suppliers on green designs, supplier 
capacity building through information sharing, training and mentoring and 
arranging funds for them to undertake environmental measures, etc. Also, as result 
of product life thinking, greening of suppliers is becoming an important component 
of environmental strategies of a growing number of companies (Lippmann, 2001). 
This is particularly relevant since manufacturing firms are outsourcing lot of parts 
and services (Handfield et al, 2000). This offers companies the necessary 
motivation, to green their suppliers, because supply chain management and 
environmental management are potential sources of strategic advantage and cost 
containment (Carter and Dresner, 1999; Nagel, 2000). Moreover, large companies 
can play a key role in improving the environmental performance of their smaller 
counterparts by passing on good practices to them (Lamming and Hampson, 1996). 
7.3.3.2 Total Quality Environmental Management (TQEM) 
Total quality environmental management as a managerial process, encompasses 
continuous improvement in environmental performance, empowerment of 
employees, team efforts and leadership elements, customer focus (Rao, 2004). 
TQEM, which draws on the business philosophy of total quality management 
(TQM), is emerging as popular technique used by companies to integrate 
environmental concerns (Banerjee, 2001). Hanna and Newman (1995) contended 
that total quality processes for elimination of waste have significant potential for 
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improvement in environmental performance while simultaneously driving 
enhancement in productivity and reducing costs. Benchmarking is an important 
too! to learn from existing best practices in the industry at large and emulate them 
for achieving continuous improvements in business operations (Kumar and 
Chandra, 2001). Benchmarking being a continuous improvement technique can 
play a significant role in continuous improvement of environmental performance, 
which being the most important element of TQEM approach. 
7.3.3.3 Greening of Production 
Greening of production refers to the reduction of pollution causing substances such 
as solid and liquid wastes, air emissions, noise etc. through optimization of 
production processes (Rao, 2003). Greening of production processes aims at 
achieving pollution prevention by source reduction, thus preventing pollution 
before it is produced (Florida and Davison, 2001). Incorporating closed loop 
manufacturing, where the waste that is generated is processed and recycled back 
into the production, is also one of the ways for greening of production (Rao, 2004). 
7.3.4 Environmental Performance 
Environmental performance assessment of an organization's operation activities 
mainly consist of indicators related to resource consumption (material consumption, 
fuel and energy management, waste production), and those related to 
emission/pollution (air, water, soil, noise, solid waste disposal) (Papadopoulos and 
Giama, 2007; Vachon and Klassen, 2006). GSCM promotes recycling and reuse of 
raw materials, reduction in the production of waste and hazardous substances and 
also increase the effectiveness in energy, water and by-products usage (Tsoulfas 
and Pappis, 2006). Organizations that minimize the negative environmental 
impacts of their products and processes recycle post-consumer waste and establish 
environmental management systems, are poised to expand their markets or displace 
competitors that fail to promote strong environmental performance (Klassen and 
McLaughlin, 1996). 
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7.3.5 Competitiveness 
A green supply chain can improve competitiveness by improving product quality 
through green products, increasing efficiency, new market opportunities (Rao, 
2002). Factors such as high product quality, low production cost, good supplier 
relationships, creative products/design and superior production technology are the 
important factors for improving competitiveness (Lau et al., 2002). Establishing a 
strong environmental image and showing care for the environment may help 
organisations to attract environmentally conscious customers and suppliers 
(Poksinska el al., 2003). Adoption of environmental responsible operations/ 
environmental management systems may offer a range of benefits such as reduced 
operating costs; increased access to markets; demonstrated compliance with 
regulations; improved environmental performance; improved customer trust and 
satisfaction; enhanced corporate image and credibility; and employee involvement 
and education (Morrow and Rondinelli, 2002; Ofori et al., 2001; Pun et al., 2002). 
Additionally, the companies may increase their product differentiation advantages 
by adopting the concept of green products in the design and packaging (Chen et al., 
2006). 
7.3.6 Economic Performance 
Environmental-friendly practices have positive effects on economic performance 
such as growth in profits, sales and market share (Fuentes-Fuentes et al., 2004). 
Green supply chain management practices can reduce cost of material purchasing, 
energy consumption, reduce emission of pollutants and processing cost and reduce 
accident penalties (Zhu and Sarkis, 2004). The effective environmental 
management can lower cost, increase recycling of waste and reduce pollutants 
production, which in turn can prevent penalties a result of violating environmental 
regulations and further reduce related disposal and operating costs (Sarkis, 2003). 
Consequently, the efficiency of using resources can be enhanced leading to 
increased productivity. 
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1.4 Categorization of Variables for Structural Equation Modeling 
As per the methodology of Structural Equation Modeling, the variables of the 
present work are categorized as follows: 
7.4.1 Exogenous Variables 
Barriers and enablers are exogenous latent variables of the present study. Observed 
variables related to barriers are lack of commitment from top management, 
inadequate adoption of reverse logistics practices, inadequate strategic planning, 
lack of guidance and support from regulatory authorities, non adoption of cleaner 
technology, financial constraints, and lack of corporate social responsibility. For 
enablers, the observed variables are government policies and regulations, green 
procurement practices, societal concerns for protection of natural environment, 
proper workplace management/ housekeeping practices, lean manufacturing 
practices, and top management commitment. 
7.4.2 Endogenous Variables 
The endogenous latent variables in the present study are divided into interpretative 
variables and outcome variables for ascertaining the cause-effect relationships. 
Interpretative variables adopted in green supply chain management practices are 
reflected in three composite variables, green of suppliers, TQEM, and green of 
production. Outcome composite variables include resource conservation, pollution 
prevention (environmental performance), competitiveness and economical 
performance. Resource conservation, which forms part of the environmental 
performance, is reflected in six observable variables, i.e., improvement in raw 
material consumption, improvement of consumables consumption including 
auxiliary materials, improvement in packing material cost, improvement in 
electricity consumption, improvement in fuel consumption, improvement in 
volume of waste produced/ solid waste generated. Increased competitiveness is 
reflected in green products/processes development, better corporate image, 
improved working environment, improved employees environmental awareness, 
good business relations with customers & stakeholders, increased social 
acceptance, exploring international markets, and reduced risk of litigation, whereas 
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economical performance is reflected in four observable variables, namely 
improvement in return on investment (ROI), increased productivity, carbon credit 
trading, and risk reduction related to termination of business. 
7.5 Description of Input Variables used in LISREL for Model Validation 
In this study, there are eleven latent constructs as detailed above. These variables 
are referred to as latent because they are difficult to quantify. The latent constructs 
are measured with the help of observed variables, which are the items included in 
the research questionnaire. The latent constructs as used in the LISREL software 
for structural equation modeling with their reference codes and the associated 
observed variables and there respective reference number as indicated in the 
research questionnaire (Appendix Al) are given as Table 7.1 
After feeding various variables using codes as detailed in Table 7.1 and the 
relationship as conceptualized in the model (Figure 7.1), in the LISREL software, 
it was run to process the data. The structural model so obtained, through LISREL, 
is presented as Figure 7.2. The structural model describes the causal relationship 
between the latent variables. It also measures the strength of relationship between 
independent and dependent variables. The parameter estimates of the relationships 
of various latent variables along with their structural paths are presented in Table 
7.2.The structural model fit indices so obtained are summarized in Table 7.3. 
Table 7.1 Description of Input Variables used in LISREL software 
Latent construct/ 
Variable 
(Code as used in 
SEM) 
Barriers 
(BARRIERS) 
Enablers 
(ENABLERS) 
Observed Variable 
1. Lack of commitment from top management 
2. Inadequate adoption of reverse logistics practices 
3. Inadequate strategic planning 
4. Lack of guidance and support from regulatory authorities 
5. Non adoption of cleaner technology 
6. Financial constraints 
7. Lack of Corporate Social Responsibility 
1. Government policies and regulations 
2. Green procurement practices 
3. Societal concerns for protection of natural environment 
4. Proper workplace management' housekeeping practices 
5. Lean manufacturing practices 
6. Top Management commitment 
Q. Ref. 
No. 
(Sec Q.N 
0.) 
S2 9A 
S2 9C 
S2 9G 
S2 9H 
S2 9J 
82 9K 
S2 9P 
S2 llA 
S2 IID 
S2 HE 
S2 UF 
S2 UG 
S2 111 
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Pollution-related 
Environmental 
concerns 
(POLCONC) 
Other 
Environmental 
concerns 
(OTH CONC) 
Greening of 
Suppliers 
(GRNSPLR) 
Total Quality 
Environmental 
Management 
(TQEM) 
Greening of 
production 
(GRN_PRDN) 
Ressource 
conservation 
(RES_EPI) 
Pollution Prevention 
(POL_EPI) 
Competitiveness 
(COMPBEN) 
Economic 
performance 
(ECO BEN) 
1. Air emissions 
2. Water pollution 
3. Solid waste 
4. Hazardous waste 
5. Liquid waste 
6. Waste disposal 
1. Natural resource depletion 
2. Use of hazardous chemicals & substances 
3. Low usage of renewable energy sources 
4. Eco-iiteracy 
\. Assessing the environmental performance of the suppliers 
2. Requiring suppliers and contractors to undertake environmental 
measures 
3. Educating suppliers the techniques to improve their 
environmental performance 
4. Arranging for funds to help suppliers to purchase equipments for 
pollution prevention, waste, recycling etc. 
L Assignment of roles and responsibility for environmental 
programs 
2. Environmental training programs for employees 
3. Benchmarking environmental performance 
4. Use of cleaner technology/ production processes to minimize 
waste and make savings 
5. Continuous improvement of environmental performance 
1. Designing/optimization of process to reduce air emissions 
2. Designing/optimization of process to reduce water use 
3. Designing/optimization of process to reduce solid waste 
4. Designing/optimization of process to reduce noise 
5. Recycling of material internal to the company 
1. Improvement in raw material consumption 
2. Improvement in consumables consumption including auxiliary 
materials 
3. Improvement in packing material cost 
4. Improvement in electricity consumption 
5. Improvement in fuel consumption 
6. Improvement in volume of waste produced/ solid waste 
generated 
1. Improvement in hazardous waste generation 
2. Improvement in air pollution 
3. Improvement in quantity of used oil generation 
4. Improvement in noise pollution 
1. Green products/processes development 
2. Reduced risk of litigation 
3. Better corporate image 
4. Improved working environment 
5. Improved employees environmental awareness 
6. Good business relations with customers & other stakeholders 
7. Exploring international markets 
8. Increased social acceptance 
1. Improvement in return on investment 
2. Better strategic planning through awareness of challenges ahead 
3. Increased productivity 
4. Risk reduction related to termination of business 
5. Carbon credit/ trading 
S2 8A 
S2 SB 
S2 8C 
82 8D 
S2 8F 
S2 8K. 
82 8G 
82 8H 
82 81 
82 8J 
83 15D 
S3_15E 
83_15F 
S3_15J 
S3_16C 
83 16D 
S3 16K 
S3_16N 
S3 16Q 
83 17G 
S3 17H 
S3 171 
S3 17J 
S3 17L 
S3 22A 
S3_22B 
S3 22F 
S3 22G 
S3 22H 
S3_22I 
S3 22J 
S3 22K 
S3 22L 
S3 22M 
82 lOD 
82 lOE 
82 lOF 
82 lOG 
82 I OH 
S2 101 
82 lOK 
82 lOL 
82 lOA 
82 lOJ 
S2 lOM 
82 ION 
82 lOO 
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Figure 7.2 Structural Model with Standardized Coefficients 
Please Refer to Table 7.1 for variables description 
S2 8B •0.42 
S2 8C - 0 . 5 4 
S2 8D 1-0.56 
•0.73 S2 8F 
S2 8G •0.69 
S2 8H h o . 9 6 
•0.4 9 S2 81 
S2 8J 
S2 8K 
- 0 . 3 9 
- 0 . 7 7 
S 2 _ 1 0 A [ - 0 . 7 9 
- 0 . 6 8 S2 lOD 
0 . 4 8 
S2 lOE - 0 . 6 7 
S2 lOF - 0 . 4 5 
S2 lOG - 0 . 7 8 
S2 lOH - 0 . 6 4 
S2 101 - 0 . 6 2 
POL 
?TH 
KOMP 
SCO 
jRN 
TQEM 
?ra 
i0 L4? 
0 . 2 7: 
0 . 2 y.i 
(POL E F M 
«?S: 
7.0.ei 
^ 0 , 
S2 lOJ - 0 . 5 8 
S2 lOK - 0 . 5 2 
S2_10L[-0.53 
- 0 . 6 1 S2 lOM 
S2 ION - 0 . 6 2 
S2 100 - 0 . 4 4 
S3 15D - 0 . 2 2 
S3_15E[-0.21 
1-0.2 5 S3 15F 
S3 15J - 0 . 6 6 
S3_16C[-0.22 
[-0.19 S3 16D 
S3 16K - 0 . 5 2 
S3_16N[-0.60 
1-0.57 S3 16Q 
' S3 17G 
S3 17H 
- 0 . 4 3 
- 0 . 2 3 
S3_17l [ -0 .34 
1-0.39 S3 n j 
S3 17L - 0 . 8 3 
S3_22A|-0.50 
1-0.42 S3 22B 
S3 22F - 0 . 5 0 
S3 22G - 0 . 3 0 
S3 22H - 0 . 4 2 
S3 221 - 0 . 5 1 
i T S3 2 2 J - 0 . 3 9 
S3 22K - 0 . 1 9 
S3 22L - 0 . 2 5 
S3 22M - 0 . 4 0 
;hi-Square=3242.33, df=168B, P-value=0.00000, RMSEA=0.080 
181 
Chapter 7 Validating Conceptual Model 
7.6 Analysis of the Model 
The structural equation model derived through SEM is depicted in Figure 7.3. It 
followed conventional linkages among the various latent variables of GSCM 
leading to the overall competitiveness and economic performance. The model 
employed maximum likelihood estimation. The estimated relationships are 
presented in Table 7.2. 
Table 7.2: Parameter Estimates for Model 
Structural Path Relation 
POL_CONC <r BARRIERS 
OTH_CONC <r BARRIERS 
GRN_SPLR <r ENABLERS 
TQEM <r ENABLERS 
GRN_PRDN<-ENABLERS 
GRN_SPLR <-POL_CONC 
TQEM <- POL_CONC 
GRN_PRDN <r POL_CONC 
GRNSPLR ^OTHCONC 
TQEM <r OTH_CONC 
GRN_PRDN <r OTH_CONC 
RES_EPI <-GRN_SPLR 
POL_EPI <r GRNSPLR 
RESEPI <-TQEM 
POLEPI <r TQEM 
RES_EP1 <-GRN_PRDN 
POLEPI <r GRNPRDN 
COMP_BEN <r RES_EPI 
ECO_BEN <- RES_EPI 
COMP_BEN <r POLEPI 
ECO_BEN <r POL_EPI 
Unstandardized 
Estimates 
0.175 
1.265 
0.015 
0.072 
0.163 
0.190 
-0.018 
0.127 
0.285 
0.465 
0.182 
- 0.062 
0.229 
0.391 
0.373 
0.276 
.0.294 
0.193 
0.249 
- 0.037 
- 0.025 
Std. 
Error 
0.568 
0.723 
0.279 
0.227 
0.217 
0.121 
0.097 
0.093 
0.181 
0.163 
0.139 
0.065 
0.082 
0.092 
0.105 
0.092 
0.110 
0.071 
0.074 
0.052 
0.044 
T Value 
0.309 
1.750 
0.054 
0.318 
0.753 
1.568 
-0.187 
1.366 
1.570 
2.850 
1.314 
- 0.957 
2.793 
4.254 
3.548 
3.011 
2.671 
2.719 
3.386 
-0.715 
- 0.562 
Standardized 
Estimates 
0.032 
0.321 
0.005 
0.030 
0.074 
0.149 
-0.017 
0.132 
0.161 
0.317 
0.135 
- 0.079 
0.235 
0.410 
0.317 
0.266 
0.229 
0.283 
0.435 
- 0.067 
- 0.053 
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The relationships of various latent variables and their strength have been shown in 
Figure 7.3. From this figure, it is evident that a strong link exists between resource 
conservation and economic performance (std. estimate = 0.435). Also, there exists 
a significant link between resource conservation and competitiveness (std. estimate 
= 0.283). These observations indicate that the environmental performance on 
resource conservation leads to competitiveness and economic performance. TQEM 
has a significant linkage with resource conservation as well as pollution prevention 
(std. estimate 0.41 and 0.317 respectively). Similarly, the linkage between greening 
of production and resource conservation and pollution prevention are also 
significant (std. estimate 0.266 and 0.229). These observations indicate that TQEM 
and greening of production play important role in improving environmental 
performance of organizations. 
Although there is a significant relationship between greening of suppliers and 
pollution prevention (std. estimate = 0.235) but contrary to expectation, its linkage 
with resource conservation is found insignificant. Further, linkage of pollution 
prevention to competitiveness and economic performance is found to be 
insignificant. This indicates that, based on the available data, enough evidence is 
not available to establish these linkages. 
Rest of the linkages such as pollution-related as well as other environmental 
concerns to greening of suppliers and greening of production and barriers to 
pollution-related environmental concerns are found to be of moderate level, 
indicating satisfactory relationship among these latent variables. However, linkage 
of other environmental concerns to TQEM and barriers has been found to be 
significant. The overall convergence of the SEM model is significant, as indicated 
by the statistics detailed in Table 7.2 and Figure 7.3. 
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1.1 Assessment of Model Fit 
The significance of the overall model is determined by the ratio of Chi-square value 
and the corresponding degrees of freedom. In the present case, the value of chi-
square/degree of freedom = 1.921 (Table 7.3), which is within the recommended level 
of less than 3.0. A Parsimony Goodness of Fit Index (PGFI) larger than 0.5 is 
generally considered a good model fit. The value is 0.528, indicates that the present 
model is acceptable. However, GFI (0.573) and AGFI (0.537), both of which are 
measures that represent overall degree of fit (squared residuals from prediction 
compared to the actual data) are on the low side. For both of these, higher values 
would indicate better fit but no absolute threshold levels have been established for GFI 
(Hair e/a/., 1998). 
Table 7.3: Fit Indices for tlie SEM Model 
Fit Statistics 
Normal Theory Weighted Least Squares Chi-Square 
Degrees of Freedom 
Chi-Square/ Degrees of Freedom 
Root Mean Square Error of Approximation 
(RMSEA) 
P-Value for Test of Close Fit (RMSEA < 0.05) 
Normed Fit Index (NFI) 
Non-Normed Fit Index (NNFI) 
Comparative Fit Index (CFI) 
Root Mean Square Residual (RMR) 
Standardized RMR 
Goodness of Fit Index (GFI) 
Adjusted Goodness of Fit Index (AGFI) 
Parsimony Goodness of Fit Index (PGFI) 
Desirable 
Values* 
-
-
<3.0 
<0.1 
>0.05 
>0.9 
>0.9 
>0.9 
<0.1 
<0.08 
>0.9 
>0.9 
>0.5 
Estimated Values 
3242.329 (P = 0.0) 
1688 
1.921 
0.0797 
0.000 
0.688 
0.790 
0.800 
0.167 
0.142 
0.573 
0.537 
0.528 
* As proposed by Chien & Shih (2007) and Schumacker & Lomax (2004) 
In this study the total sample size is 146. It meets the absolute minimum requirement 
of 100 respondents, for maximum likelihood estimates (MLE) to provide the valid 
results, as provided by Hair et al. (1998). Due the small sample size, this might be 
expected that estimation of maximum likelihood parameters may not be significant 
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(Rao and Holt, 2005). A good fit demands the RMSEA (Root mean square error of 
approximation) to be smaller than or equal to 0.1. In this case, RMSEA value is 
0.0797, which is within the desired range. This suggests an acceptable model fit here. 
The values of Non-Normed Fit Index (NNFI) = 0.79 and Comparative Fit Index (CFI) 
= 0.8 are close to the desirable value of 0.9, suggesting that the model can be accepted. 
Given the limitation of small sample size, the validity of the model can be accepted. 
The analysis presented above suggests that greening the different phases of the supply 
chain does lead to an integrated green supply chain. It further suggests that key 
enablers facilitate integration of environmental concerns into supply chain practices. 
Greening of suppliers, TQEM practices and greening of production lead to resource 
conservation and pollution prevention, thus improves environmental performance. In 
the conceptual model we expected that greening of suppliers would lead to resource 
conservation. However, the standardized estimate of this link (- 0.079) suggests that 
there is still not enough evidence available to establish this link. Greening of suppliers 
has been foimd to have a significant relationship with prevention of pollution. The 
statistics further indicate that the environmental performance on resource conservation 
clearly leads to significant values for competitiveness and economic performance. 
7.8 Chapter Summary 
In this chapter, we attempted to validate the proposed model. The model hypothesized 
that presence of some barriers cause environmental concerns. These concerns can be 
addressed though adoption of certain GSCM practices, supported by enablers. This 
would eventually help improve environmental as well as competitiveness and 
economic performance. The test results obtained through SEM analysis validate the 
conceptual model. The model presented would help organizations appreciate that 
adoption of the green business practices leads to improvement in competitiveness and 
economic performance. To ensure this, designing/optimization of production 
processes, greening of suppliers, employees training, continuous improvements and 
benchmarking, are some of practices that need to be adopted. 
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8.2. Implications of the Research 
8.3. Direction for Future Research 
8.4 Conclusion 
Chapter 8 
Key Findings, Implications and Future Directions 
8.1. Key Findings 
• Waste disposal, air emission, low level of eco-literacy and depleting natural 
resources are the major environmental concerns of the Indian 
manufacturing industry. 
• Lack of commitment from the top management, inadequate adoption of 
reverse logistic practices, low level of eco-literacy among supply chain 
partners, lack of corporate social responsibility, and lack of market demand 
for green products emerged as the prominent barriers for the impacting 
integration of environmental concerns in business processes. 
• Reverse logistics practices are not being widely adopted in Indian 
manufacturing organizations. 
• Responding companies have implemented ISO: 9000 quality management 
system. However, only 50 % of them had implemented ISO: 14001 EMS. 
• Greening of suppliers is not a very common practice in Indian 
manufacturing sector. 
• Modem environmental management techniques and practices such as 
benchmarking, carbon trading, eco-labeling. Life Cycle Assessment (LCA), 
balanced scorecard for performance management, public environmental 
reporting, environmental accounting, product recovery after end-of-life, are 
hardly being practiced in organizations surveyed. 
• Environmental responsiveness related parameters are rarely used in 
performance reviews of employees. 
• Organizations are more inclined to pursue pollution control than pollution 
prevention approach. Environmental policy beyond legislative compliance 
is moderately adopted in Indian industry. 
• Environmental performance measurement is not extensively practiced in 
the Indian manufacturing organizations. 
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Use of recycled paper is found to be low in the Indian manufacturing 
industry. 
Pollution prevention, improved working environment, increased 
employees environmental awareness, better corporate image, and 
exploring international markets were the five most cited benefits of 
integrating concerns in business processes. 
Top management commitment, societal concern for protection of natural 
environment, government policies & regulations, eco-literacy of the supply 
chain partners, and customer's demand for environmental improvement 
emerged as five key enablers influencing integration of environmental 
concerns in business processes. 
Results of the ISM-based model suggest that four barriers namely lack of 
corporate social responsibility, lack of commitment from the top 
management, inadequate strategic planning and lack of support cfe 
guidance from regulatory authorities have strong driving power and low 
dependence on other barriers. Thus, these barriers, by virtue of their strong 
driving power, create remaining barriers as well, such as lack of 
appropriate environmental performance matrices, lack of preparedness on 
the part of suppliers, lack of eco-literacy among the supply chain partners, 
resistance to change and adopt innovations, lack of integrated information 
system, etc. 
ISM-based model also suggests that enablers such as government policies 
and regulations, societal concern for protection of natural environment, 
eco-literacy among supply chain partners, top management commitment, 
lean manufacturing, ISO 14001 certification and proper workplace 
management & housekeeping form the base. So, organizations need to 
focus ensuring presence of these enablers. 
ISM-based model also indicates that enhanced customer satisfaction 
through better environmental performance can be achieved by 
continuously improving the enablers possessing higher driving power. 
Most of these enablers have strategic orientation. 
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Continuous improvement of organization's environmental performance is 
positively influenced by: (i) assignment of roles and responsibilities with 
respect to environmental programs (ii) setting of quantifiable 
environmental objectives, and (iii) benchmarking environmental 
performance. 
Implementation of proactive environmental policy beyond compliance to 
legislative requirements is facilitated by: (i) environmental accounting (ii) 
balanced scorecard for environmental performance measurement, and (iii) 
environmental criteria in the performance review of employees. 
Market demand for green products is negatively influenced by (i) lack of 
support and guidance from regulatory authorities, (ii) lack of eco-literacy 
amongst the supply chain partners, and (iii) inadequate adoption of reverse 
logistics practices. 
Large enterprises pay greater attention to regular monitoring of 
environmental performance indicators than SMEs. 
Electrical & electronics sector pays more attention to products designed for 
energy efficiency in comparison to automobile sector. 
All the industrial sectors accord similar importance to certification to ISO 
14001 EMS as enabler facilitating integration of environmental concerns 
in business processes. 
Eco-literacy among the supply chain partners leads to development of 
green products. 
Green product development leads to eco-labeling of products. 
Eco-labeling of products creates a better corporate image. 
Pollution prevention leads to reduction in consumption of resources. 
Reduced consumption of resources helps in improving productivity. 
Increased productivity leads in improvement in returns on investment. 
Results of the SEM-based model suggest that greening of production and 
TQEM practices help in resource conservation and pollution prevention. 
SEM analysis also suggests that adoption of green business practices such 
as greening of suppliers, TQEM and greening of production lead to 
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improvement in competitiveness and economic performance of tlie 
organization. 
8.2. Implications of the Research 
This research has contributed to the growing Hterature on greening business and its 
practices. The findings shed light on implementation issues in GSCM such as 
green product development, green procurement, green manufacturing and reverse 
logistics. The analysis reveals that by laying proper emphasis on integration of 
environmental concerns in the key business processes (such as product design, 
procurement, manufacturing, and reverse logistics) improvement in the 
environmental performance of the entire supply chain is possible. 
Specifically, key implications of this research for practitioners are as follows: 
• The present state of green business practices has been explored in this 
research in the context of Indian manufacturing industry. This information 
may act as an input in design and development of green supply chain 
management programs in organizations, in general and manufacturing 
sector, in particular. 
• Managers from operations, environmental health & safety (EHS) and 
supply chain management areas may gain insights from this empirical study. 
It is observed from the research that adoption of lean manufacturing 
practices, ISO: 14001 certification, implementation of proper housekeeping 
practices (such as 5S), enhancing eco-literacy of the supply chain partners, 
green purchasing, adoption of reverse logistics practices in the supply chain 
may be given top priority for improving the environmental performance of 
the organisations. 
• Lack of corporate social responsibility and lack of commitment from top 
management have emerged as key barriers in adoption and implementation 
of green supply chain management practices and programs. Therefore, the 
top management of companies needs to make efforts to address these 
barriers. 
• Integrating environmental concerns in business processes results into many 
benefits like pollution prevention, improved working environment, 
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enhanced employees' environmental awareness, better corporate image, 
better exploration of international markets, reduced risks of litigations, etc. 
Therefore, managers can adopt green supply chain management practices in 
their organization in order to harvest related benefits. 
• Suppliers, being an essential part of the supply chain, have very important 
role to play in green supply chain management programs. It is observed 
from the survey that organizations are taking limited initiatives to ensure 
and enhance the environmental performance of their suppliers. Managers 
need to make efforts to ensure the active participation of their suppliers in 
the design and implementation of green business practices. 
• Actions are called for to enhance the effectiveness of the enablers 
facilitating integration of environmental concerns in business processes. 
Simultaneously, there is a need to focus on reducing the impact and growth 
of the barriers for attaining success in green supply chain management 
programs. 
• Design for the Environment and Life Cycle Assessment are critical for 
GSCM programs. Managers may adopt these techniques for ensuring 
environmental-friendly product designs and also capturing data related the 
environmental impact created by the product throughout its entire life. 
• It is observed from the survey that green purchasing by government can 
give a significant fillip to GSCM programs. Possibilities in this area may be 
explored. 
• It is observed that implementation of EMS such as ISO: 14001 is one of the 
significant enablers that help GSCM programs. Managers should make 
necessary efforts to adopt and implement EMS for enhancing the success of 
GSCM programs. 
8.3. Directions for Future Research 
• In this study, only three industrial sectors have been targeted, which may 
not represent the entire Indian manufacturing sector. Studies may be carried 
out in other industrial sectors. That shall help understand the context of 
environmental concerns in other sectors as well. 
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• The survey questionnaire developed in this research is a comprehensive one. 
It has emerged out of thorough literature survey. The same instrument, after 
suitable modification, could be used as an instrument for carrying out 
further empirical studies in green supply chain management. 
• Majority of the respondents to the survey represented the top management 
in the organizations who were holding top ranking positions such as 
proprietors, chief executive officer, vice-president, general manager, plant 
manager, etc. These respondents could be in the best position to give 
opinion on the strategic dimensions impacting green business practices. 
However, lower levels of managers are more involved in the operational 
aspects. Therefore, a good insight of operational issues related to GSCM 
could have been obtained from functional managers. That may be 
attempted in future research efforts. 
• This study has not covered many issues such as, environmental accounting, 
green consumerism, green marketing, inbound and outbound logistics, 
storage and distribution, etc which may be relevant to this theme. These 
issues may be included in future studies. 
• In the present research, only fifteen barriers and enablers were considered 
for developing ISM-based models, which may further be improved by 
including additional barriers and enablers. The ISM-based models in the 
study are developed based on the opinions of the industry experts and 
academicians and, therefore, they have some element of bias. Another 
limitation of these models is that they have not been statistically validated. 
Structural Equation Modeling approach may be applied in future to test the 
validity of these models. 
• It is observed that the amount of variation (R )^, accounted for all the 
proposed hypotheses in this research has ranged from 15.0% to 43.5 %. 
Since all the values of R^  in this research are found to be less than 100%, 
which indicates that there are still other variables contributing to the 
variance. Therefore, the possibility of identifying these variables may be 
explored in future research. 
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8.4 Conclusion 
The integration of environmental concerns in various business processes and 
corporate practices is emerging as a key challenge in the present era. Concerns 
such as increasing pollution, depleting natural resources, loss of bio-diversity have 
created a pressure on corporate sector to adopt an environmental-friendly approach. 
Therefore, adoption of green business practices is expected to gain even more 
momentum in future. Companies need to prepare proactively to meet these 
challenges. In order to do that, companies need to take a holistic perspective, not 
departmental, when evaluating environmental concerns. Manufacturing 
organizations will find that management of business processes and efficiencies will 
be central to their environmental benign-ness. They shall be able to take advantage 
of the many win-win opportunities that environmentally safe practices offer, 
provided they are responsive to these issues. Role of technology and management 
will be critical in the successful development, implementation, and maintenance of 
green business practices. To this end, manufacturing organizations are required to 
integrate a number of functions/resources within organizations from environmental 
perspectives. The development and integration of green supply chain management 
practices is still relatively a nascent idea among most Indian organizations. 
Learning and benchmarking how others have introduced these concepts into 
organizations will help them ensure successful implementation of green business 
practices. The long-term sustainability of the company will be dependent on the 
sustainability of the natural environment. Therefore, for the cause of the Mother 
Nature that supports us, environmental concerns need to be fully integrated in the 
business processes and green supply chain management activities ought be 
aggressively promoted and practiced by the companies. 
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Appendix-Al: Survey Questionnaire 
Appendix: A 1 
Questionnaire Survey 
Research Supervisors: Dr. Parvaiz Talib, A.M.U. - Aligarh 
Dr. Ravi Shankar, I.I.T. - Delhi 
Subject: Survey on Integration of Environmental Concerns in Business Processes 
Dear Sir/Madam 
The abihty of corporations to manage their environmental performance is emerging as a strategic 
issue for companies globally. This is primarily because the environment is now regarded as an asset 
to be valued. Thus, the importance of integrating environmental considerations into business 
processes has started gaining recognition. 
This study aims at assessing integration of environmental concerns in the supply chain processes of 
select Indian manufacturing sectors. This research is being undertaken in partial fulfillment of 
requirement of award of Ph.D. degree in business administration. 
We would be grateful if you kindly fill the enclosed questionnaire and send us back in about a 
week's time. A stamped self-addressed envelope is enclosed herewith for this purpose. 
The survey is conducted purely for the academic and research purpose. We assure that all the 
responses will be kept strictly confidential and will be used only for this academic work. Once the 
analysis is over we shall be pleased to share the brief of the findings with your goodself. 
Looking forward to your early response 
With warm regards, 
Yours sincerely 
Rakesh Kr. Mudgal 
(Research Scholar, GB-9715) 
Correspondence Address: 
House No. 204, Sector-9 
Faridabad,PINI2I006 
Email: rakesh.mudgil(a),gmail.com 
End: Questionnaire 
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Research Questionnaire: Integration of Environmental Concerns in Business Processes 
Note: For this questionnaire, the business processes primary include- product development, 
purchase/procurement, manufacturing/production, end-of-)ife management of product/ reverse logistics, 
performance evaluation and general management practices from environmental perspectives. 
Section 1: Organization Profile 
1. (A) Name of organization 
(B) Your organization is: (a) Original Equipment Manufacturer (OEM) [ ] (b) Supplier to OEM [ ] 
2. Industrial sector in which you would place the main production activity of your organization (Please tick as 
applicable): 
(A) Automobile [ ] (B) Electrical & Electronics Goods (including Computer hardware) [ ] 
(C) Chemicals & Paints [ ] (D) Other (please specify) . 
3. Please indicate the category your organization belongs to: 
(A) Small Scale [ ] (B) Medium Scale [ ] (C) Large Scale [ ] 
4. Please indicate the number of employees at your organization: 
(A) Less than 100 [ ] (B) 101 to 500 [ ] (C) 501 to 1000 [ ] (D) 1001 to 2000 [ ] 
(E) More than 2000 [ ] 
5. Please indicate the total turnover of your organization for the year 2006-07: 
(A)LessthanRs. lOcrores [ ] (B) Rs. 10 to 50 crores [ ] (C) Rs. 50to lOOcrores [ ] 
(D) Rs. 100 to 500 crores [ ] (E) Rs.500 to 1000 crores [ ] (F) More than Rs. 1000 crores [ ] 
6. Please indicate average number of suppliers engaged by your organization for supplying raw material / semi-
finished components in the final products: 
(A) Less than 5 [ ] (B) Between 6 to 10 [ ] (C) Between 11 to 20 [ ] (D) More than 20 [ ] 
(E) Can't say [ ] 
7. Is your organization listed on a Stock Exchange? 
(A) Yes [ ] (B) No [ ] 
Section 11: General Environmental Concerns 
8. Which of the following issues are environmental concerns significant to your manufacturing sector? Please 
rank on the basis of importance you attach to each of them. (Please tick one box for each row.) 
Least 
significant 
1 
Moderate 
2 3 
Most 
significant 
4 5 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
K. 
L. 
Air emissions 
Water pollution 
Solid waste 
Hazardous waste 
Noise pollution 
Liquid waste 
Natural resource depletion 
Use of hazardous chemicals & substances 
Low usage of renewable energy sources 
Eco-literacy (Environmental awareness of the workforce) 
Waste disposal 
Other, (please describe) 
9. Please rank the following barriers that hinder integration of environmental concerns in business processes. 
Not a 
larner 
1 2 
Moderate 
barrier 
3 
Significant 
barrier 
4 5 
A. Lack of commitment from top management 
B. Lack of market demand 
C. Inadequate adoption of reverse logistic practices 
P. Insufficient benefits to justify integration and running costs 
E. Lack of Eco-literacy amongst supply chain partners 
F. Resistance to change and adopt environmental innovation 
G. Inadequate strategic planning 
H. Lack of support and guidance from regulatory authorities 
I. Lack of integrated information system 
J. Non adoption of cleaner technology 
K. Financial consfraints 
L. Lack of appropriate environmental performance indicators metrics 
M. Restrictive company policies towards product / process stewardship 
N. Low level of supply chain integration 
O. Lack of preparedness on part of suppliers 
P. Lack of Corporate Social Responsibility 
Q. Others (please specify) 
10. Please rank the level of following benefits observed/perceived through integration of environmental concerns 
in business processes. 
Least 
1 
Moderate 
2 3 
Most 
5 
A. Improvement in Return on Investment (ROI) 
B. Reduced consumption of resources 
C. Pollution prevention 
P. Better competitive advantage through green product/ process development 
E. Reduced risk of litigation 
F. Better corporate image 
G. Improved working environment 
H. Improved employees' environmental awareness 
I. Creating good business relations with customers & other stakeholders 
J. Better sfrategic planning through awareness of challenges ahead 
K. Exploring international markets 
L. Increased social acceptance 
M. Increased productivity 
N. Risk reduction related to termination of business 
O. Reaping economic benefits through carbon frading 
P. Others (please specify) 
II. Please mark the significance of following enablers in integrating environmental concerns in the business 
processes. 
Least Sig. Highly 
Sig. 
A. Government policies & regulations 
B. Certification to ISO: 14001 EMS 
Customer's demand for/ satisfaction through environmental performance 
improvement 
D. Green procurement practices 
E. Societal concern for protection of natural environment 
2 3_ 4 5 
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F. Proper workplace management/ housekeeping practices 
G. Lean manufacturing practices 
H. Economic interests/ cost benefits 
I. Top management commitment 
J. Green product development 
K. Availability of cleaner technology 
L. Improved competitiveness 
M. Corporate image through environmental responsibility 
N. Governmental subsidized program, Tax incentive for green 
products/processes 
0. Reverse logistics practices in supply chain 
P. Eco-labeling of products 
Q. Eco- literacy amongst supply chain partners 
R. Other (please specif) 
Section HI: Organizational Business Processes and Environmental Concerns: Integration Issues 
12. Is your organization having earmarked budgetary provisions for addressing environmental concerns? 
(A) Yes [ ] (B) No [ ] If, yes than percentage budgetary allocation 
13. Which of the following management levels best describes the ownership of environmental management 
within your organization? (Please tick only one box) 
A. Senior management 
B. Middle management 
C. Junior Management 
D. None 
14. Please indicate the degree of implementation of the following international management systems/ practices 
in your organization. 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
Quality Management System ISO: 9001 
Environmental Management System ISO: 
14001 
Occupational Health and safety Management 
System OHSAS: 18001 
Total Quality Management (TQM) 
Total Productive Maintenance (TPM) 
Enterprise Resource Planning (ERP) 
Workplace management system - 5S 
Emergency Preparedness Plan 
Lean manufacturing 
Other (please specify) 
Not Partially Successfully 
implemented implemented implemented 
1 2 3 4 5 
15. While purchasing goods and services, does your organization consider the following measures? (Please tick 
one box for each row.) 
Very low 
1 
Moderate 
2 3 
A. Green procurement: Purchase of products that have less environmental load 
B. Purchase of products that have environmental label 
C. Substitution of environmentally questionable materials 
P. Assessing the environmental performance of the suppliers 
Very high 
5 
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E- Requiring suppliers and contractors to undertake environmental measures 
F. Educating suppliers the techniques to improve their environmental 
performance 
G. Purchase of energy-saving office automation appliances 
H. Procurement of energy efficient capital goods 
1. Reuse of packaging materials/ taking back packaging 
J. Arranging for funds to help suppliers to purchase equipments for pollution 
prevention, waste water recycling etc. 
K. Engaging in supply chain management 
L. Other practice (please specify) 
16. Please indicate the implementation status of the following environmental management practices/ green 
business practices in your organization. 
Not being May 
considered consider 
1 infuture2 
Planning to Currently 
inclement implementing 
3 4 
A. Written environmental policy 
B. Proactive environmental policy beyond 
compliance to legislative requirements 
C. Assignment of roles and responsibilities with 
respect to environmental programs 
P. Environmental training program for employees 
E. Environmental criteria used in the performance 
reviews of employees 
F. Setting of quantifiable environmental 
objectives 
G. Use of alternative sources of energy 
H. External environmental audits 
I. Carry out internal environmental audits 
J. Environmental improvement of packaging 
K. Benchmark environmental performance 
L. Environmental accounting 
M. Public environmental reporting 
N. Use of cleaner technology/ production 
processes to minimize wastes and make savings 
O. Life Cycle Assessment (LCA) to prevent 
pollution over the entire life of the products 
Change for more environmental-friendly 
transportation 
Q. Engage in continuous improvement of its 
environmental performance 
R. Use of waste material of other companies 
Establishment of recycling / waste disposal 
procedures 
Balanced Scorecard for environmental 
performance measurement 
U. Safe handling and storage of products & 
materials 
V. Recovery of the company's end-of-life products 
W. Eco-labeling of products 
X. Integrated usage of information and 
communication technologies 
Y. Carbon trading initiatives 
Z. Other practice (please specify) 
Successfully 
implemented 
5 
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17. Please indicate the importance given, while selecting the manufacturing processes, to the following factors 
keeping in view the nature of your major product. (Please tick one box for each row) 
Very low Moderate Very high 
A. Optimization of process parameters 
B. Wastage control 
C. Wastage recovery e.g. waste- to -energy 
P. Optimization of processes for energy efficiency 
E. Minimum production changeovers 
F. Optimization of material transfers (material handling /movements) 
G. Designing/ Optimization of processes to reduce air emissions 
H. Designing/ Optimization of processes to reduce water use 
I. Designing/ Optimization of processes to reduce solid waste 
J. Designing/ Optimization of processes to reduce noise 
K. Segregate 'by-product' at source 
L. Recycling of materials internal to the company 
M. Other (please specify) 
1 2 3 4 S 
18. Please put a tick-mark (V) for the importance attached to the foUowings activities in non-manufacturing areas 
of your company. 
Very low. Moderate Very High. 
A. Use of recycled paper 
B. Saving of energy by saving electricity (e.g. introducing daylight-saving 
time, auto switch off equipments while not in use) 
C. Save water (e.g. by making water system more efficient, water harvesting, 
reuse of water, saving toilet water) 
D. Save paper, moving towards paperless office 
E. Reduce wastes/ minimization of production of wastes 
F. Separate trash and recycle 
G. Reduced use of hazardous chemicals and substances 
H. Drive in environmentally-friendly way when driving company car (e.g. 
turn off the engine while stopping) / Pooling of company's car 
I. Choose responsible contractor for waste treatment by checking their 
business records etc. for the waste to be disposed off properly. 
Design environmentally-sound building 
K. Participate and support community activities to demonstrate collective 
environmental responsibility (e.g. tree plantation, Eco-club, awareness 
raising campaign, environment day celebrations etc.) 
L. Other (Please specify) 
I 2 3 4 5 
.... 
19. To what extent each of the following reverse logistics operations/practices have been integrated in product 
design, production, packaging, storage, distribution & disposal processes in your organization. (Please tick one box 
for each row) 
Hardly 
1 
Moderate 
2 3 
Extensively 
4 S 
A. Recycle: Recovering resource from the waste sfreams and reutilizing them 
in the manufacturing process. 
B. Reuse: Packaging material and some products that can be reused after 
repair or modification. 
C. Redesign: Redesigning a product or a process in ways that improve 
performance, resource use efficiency, and reduce wastes. 
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D. Remanufacturing: When products are designed to be easily dismantled at 
end-of-life so as to re-utilize components that have a life longer than the 
product itself. 
E. Reprocess: Processing waste material in order to recover valuable 
resources or to convert these into valuable by-products. 
Recover: Processing waste, during the process, to recover valuable raw 
materials and energy, which can be recycled or sold in open market. 
G. Reincarnate: Converting a discarded product into a new product through 
appropriate processing. 
H. Relocate: Safe disposal of waste in a manner that serves some productive 
propose. 
I. Replace: Products, processes, sources of energy, raw materials with more 
eco-friendly ones. 
J. Reduce: Consumption of raw material, energy, and utilities (increase 
resource use efficiency). 
K. Return to Nature: Treatment of waste to render it bio-degradable and 
benign 
20. Do you have in- house product design department? (A) Yes O (B) No Q 
If yes, please rank the importance attached to the following Design for Environment (DfE) / Green Design 
approaches, keeping in view the nature of your major product over the entire life cycle. (Please tick one box for 
each row) 
Not Imp. Moderate Most Imp. 
A. To reduce the amount of raw materials 
B. Design the product to accommodate multiple future users 
C. Design the product to enable easy repair 
D. Design the product for easy disassembly 
E. Design the product to enable ease in recycling 
F. Design for energy efficiency (Reduce the energy that will be necessary to 
use / operate the product) 
G. Design for ease in re-manufacturing 
H. Hazardous material use minimization 
I. Design for ease for disposability 
J. Other (please specify) 
I 2 3 4 5 
21. Does your organization regularly monitor any of the following environmental performance indicators (EPI) 
per unit of its sales? {Please mark all those that are relevant) 
Rarefy Sometime Always 
1 ^ 3 . 5 
A. Raw Material consumption 
B. Consumables consumption including auxiliary materials 
C. Quantity of Water used 
D. Wastewater generated 
E. Quantity of water treated 
F. Packaging material cost 
G. Electricity consumption 
H. Fuel consumption 
I. Volume of waste produced / Solid waste generated 
J. Hazardous waste generated 
K. Air pollution 
L. Quantity of used oil generated 
M. Noise pollution 
N. Use of recycled and renewable materials (Recycling and Reuse levels) 
O. Eco-literacy of employees 
P. Other (please specify) 
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22. Please indicate the improvement achieved in the following environmental performance indicators (EPI) 
during the last two years (preferably per unit of sales) in your organization. {Please mark all those that are 
relevant) 
Insignificant Moderate 
Improvement Improveme 
1 2 nl 3 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
K. 
L. 
M. 
N. 
0. 
P. 
Raw Material consumption 
Consumables consumption including auxiliary materials 
Quantity of Water used 
Wastewater generated 
Quantity of water treated 
Packaging material cost 
Electricity consumption 
Fuel consumption 
Volume of waste produced / Solid waste generated 
Hazardous waste generated 
Air pollution 
Quantity of used oil generated 
Noise pollution 
Use of recycled and renewable materials (Recycling and Reuse levels) 
Eco-literacy of employees 
Other (please specif) 
Significant 
Improvemen 
4 5 
23. Environmental performance measurement activity in your organization is: 
A. Continuous process [ ] B. 3 - 4 times a year [ ] C. Once a year [ ] D. Seldom [ ] 
24. Please indicate the use of environmental performance measurement in your organization: 
A. Strategic planning [ ] B. Tactical Planning [ ] C. Operational planning [ ] D. Can't say [ ] 
25. What level of Government support does your company expect regarding environmental management? (Please 
check all that apply) 
Low Moderiae High 
A. Financial support for establishing environmental management system 
B. Promotion of environmental communication among company, NGO and 
citizen using environmental reports etc. 
C. Award / special recognition for environmental conscious companies 
P. Technical support/ assistance 
E. Grant environmental logo to the companies who conduct environmental 
management 
F. Information on the current regulations by issuing guidelines etc. 
G. Information on cleaner technologies 
H. Information on the current status and trends of other companies and 
industries 
I. Information on successful environmental businesses 
J. Tax incentives 
K. Green purchasing by the government 
L. Promotion of environmental labels/ Eco-marks 
M. Environmental education to raise awareness 
N. Encouraging self-assessment of regulatory compliance 
0 . Expediting envirormiental clearance/ permits 
Other incentive (please specify) 
I 2 3 4 5 
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Respondent Profile 
1. Name (If you please) 
2. Designation 
3. Your functional area/ Department 
4. Your association in years with your current organization: 
(a) Less than 5 [ ] (b) 5-7 [ ] (c)8-10 {] (d) More than 10 [ ] 
5. Would you like to know the findings of the survey? (a) Yes [ ] (b)No [] 
6. If yes, please furnish your e- mail address: 
"Thank you very much for your time and valuable response" 
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Appendix-A2; A Note on ISM Methodology 
Appendix: A2 
A Note on ISM Methodology 
Interpretive Structural Modeling Methodology 
In today's dynamic business world, individuals or groups are required to deal with 
various complex issues or systems. The intricacy of the issues or systems is due to 
the presence of a large number of mutually interacting variables. The presence of 
directly or indirectly related variables complicates the structure of the system. It 
becomes difficult to deal with such a system in which structure is not clearly 
defined. Hence, it calls for a methodology, which aids in identifying a structure 
within a system. Interpretive structural modeling (ISM) is one such a methodology. 
ISM methodology helps to bring order and direction on the complex relationships 
among variables of a system (Warfield, 1974; Sage, 1977). In this methodology, 
the value added is structural and information added (by the process) is zero (Farris 
and Sage 1975; Raj et al., 2007). Its most vital function is organizational. The ISM 
process transforms unclear, poorly articulated mental models of systems into 
visible and well defined models. ISM is an interactive learning process whereby a 
set of different, directly and indirectly related variables are structured into a 
comprehensive systemic model. The model so formed portrays the structure of a 
complex issue or problem in a carefully designed pattern implying graphics as well 
as words (Singh et al., 2003, Ravi and Shankar 2005). 
The important characteristics of ISM are: a) interpretive b) structural c) 
modeling technique d) imposing order and direction and e) a group learning 
process. These characteristics are explained as follows: 
(a) Interpretive: The methodology is interpretive, because of the fact, that the 
group of experts decides whether and how the variables are related to each 
other. 
(b) Structural: It is structural too, as on the basis of relationship; an overall 
structure is extracted from the complex set of variables. 
(c) Modeling technique: The methodology is a modeling technique in which the 
specific relationships of the variables and the overall structure of the system 
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under consideration are portrayed using digraph and words. 
(d) Order and direction: It helps to impose order and direction on the complexity 
of relationships among various elements of a system (Sage, 1977). 
(e) Group learning process: ISM is primarily intended as a group learning process, 
but it can also be used by individuals. 
In addition to the above characteristics, the ISM approach has two basic concepts, 
the concept of transitivity and reachability, which are essential to understand the 
ISM methodology (Raj e/ al., 2007). The concept of transitivity can be explained 
with the following example. If a variable/? is related to q and q is related to r, then 
transitivity implies that variable p is necessarily related to r. The same is shown in 
Figure A2.1. Transitivity is the basic assumption in ISM and is always used in this 
modeling approach (Farris and Sage 1975, Sharma et al. 1995). 
Figure A2.1: Concept of Transitivity 
The reachability concept is the building block of ISM methodology. The identified 
variables are compared for their interrelation on a paired basis. This information is 
represented in the form of binary matrix. If a variable p influences another variable 
q, then entry in the cell (p, q) of the reachability matrix is 1 and if variable jr? does 
not influence q, then entry in the cell {p, q) of the reachability matrix is 0. ISM 
methodology, mainly involves following two tasks: 
• Development of ISM model 
• MICMAC analysis 
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Steps involved in Development of ISM Model 
Various steps involved in the ISM methodology for development of model for 
different variables are as follows: 
Step 1: Variables affecting the system under consideration are identified and listed, 
which can be objectives, actions, and individuals, etc. A survey or group problem 
solving technique can be used for identification of the variables related to the 
defined problem. 
Step 2: From the variables identified in first step, a contextual relationship is 
established among variables with respect to which pairs of variables would be 
examined. 
Step 3: A structural self-interaction matrix (SSIM) is developed for variables, 
which indicates pair-wise relationships among variables of the system under 
consideration. 
Step 4: Initial reachability matrix is developed from the SSIM and the matrix is 
checked for transitivity to arrive at final reachability matrix. 
Step 5: The final reachability matrix obtained in step four is partitioned into 
different levels. 
Step 6: Subsequently, the final reachability matrix is converted into its conical 
form, i.e. with most zero (0) variables in the upper diagonal half of the matrix and 
most unitary (1) variables in the lower half 
Step 7: Based on the relationships given above in the final reachability matrix, a 
directed graph (digraph) is generated by considering a set of points or elements and 
their interconnection according to a contextual relation. 
Step 8: After obtaining the digraph structural model corresponding to a given set 
of elements and a contextual relation, each point is replaced by a description of the 
point for the interpretive purposes and the result is denoted an Interpretive 
Structural Model ( Sage and Smith, 1977). 
Step 9: Finally, the ISM model developed in the eighth step is reviewed to check 
for conceptual inconsistency and necessary modifications are made. 
The flow diagram for construction of an ISM-based model is given as Figure A2.2 
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Figure A2.2: Flow Diagram for ISM-based Model 
Listing of variables 
Establishing contextual relationships 
among variables 
Developing Structural Self-Interaction 
Matrix 
Removing transitivity from the digraph 
Replacing variable nodes with 
relationship statements 
Literature review 
Expert opinion 
Developing reachability 
matrix 
Developing the reachability in 
its conical form 
Developing digraph Necessary 
Modifications 
Represent relationship statement into model 
MICMAC Analysis 
Matrice d'Impacts croises-multipication applique' an classment (cross-impact 
matrix multiplication applied to classification) is abbreviated as MICMAC. The 
MICMAC principle is based on multiplication properties of matrices (Sharma et al. 
1995; Raj et al., 2007).The objective of the MICMAC analysis is to analyze the 
driving power and the dependence of the variables (Mandal and Deshmukh, 1994; 
Faisal et al., 2006). This is done to identify the key variables that drive the system 
in various categories. Based on their driving power and dependence power, the 
variables in the present case, are classified into four categories as follows: 
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1. Autonomous variables: These are the variables having weaic driving power 
as well as weak dependence. These variables are relatively disconnected 
from the system, with which they have only few links, which may not be 
strong. 
2. Dependent variables: This category includes those variables which have 
strong dependence but weak driving power. 
3. Linkage variables: Variables which have strong dependence as well as 
strong driving power are known as linkage variables. These variables are 
unstable also. Any action on these variables will have an effect on others 
and also a feedback effect on themselves. 
4. Independent variables: They have strong driving power but weak 
dependence power. It is generally observed that a variable with a very 
strong driving power called the 'key variable' falls into the category of 
independent or linkage variables. 
ISM has been applied by a number of researchers (Table A2.1) to develop a better 
understanding of the systems under consideration. 
Table A2.1: ISM applications found in literature 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
Researcher 
Saxenae/a/. (1992) 
Mandal and Deshmukh (1994) 
Jharkharia and Shankar (2004) 
Ravi and Shankar(2005) 
Bolanos et al. (2005) 
Faisal et al. (2007) 
Raj e/a/. (2007) 
System under consideration 
Energy conservation 
Vendor selection 
IT enablement of supply chains 
Barriers of reverse logistics 
Strategic decision making 
Supply chain risk management in SMEs 
Flexible manufacturing system 
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Appendix-A3: A Note on SEM Methodology 
Appendix: A3 
A Note on Structural Equation Modeling 
Structural Equation Modeling Methodology 
Structural Equation Modeling (SEM) estimates a series of separate but interdependent 
multiple regression equations simultaneously. Initially, the researcher draws from the 
existing theoretical base as evident from the available literature. Based on that, the 
researcher crystallizes independent variables and dependent variable and the 
relationship amongst them. The proposed relationships are then translated into a series 
of structural equations for each dependent variable. The structural model expresses 
these relationships among independent and dependent variables. This is done even 
when a dependent variable becomes an independent variable in other relationships or 
when several independent variables are not independent between one another. SEM 
has a unique feature of being able to include variables that are not measured directly 
and are thus called unobserved or latent constructs (Rao, 2004). These unobserved 
variables or latent constructs are measured by indicator/observed variables whose 
measures are obtained from the research survey (Joreskog and Sorbom, 2001). 
Steps in Building and Validating SEM -based Model 
Various steps used in developing a SEM based model, as suggested by Hair et al. 
(1998), are briefly described below: 
• Specify a conceptual model, drawn on existing knowledge base. The 
researcher expresses the hypotheses in the form of a structure model, which 
takes the form of a picture or series of equations. 
• Construct a path diagram of causal relationships. The investigator defines the 
exogenous and endogenous constructs and links relationships in a path diagram. 
• Convert the path diagram into a set of structural and measurement models. At 
this stage the researcher specifies the model in more formal and explicit terms. 
This is done through a series of equations that define structural equations 
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linking constructs. The measurement model specifies which variable measures 
which construct. It also has a set of matrices indicating hypothesized 
correlations among the constructs or variables. 
Choose the input matrix type and estimate the proposed model. At this stage 
the investigator has to confirm that the assumptions of SEM (independent 
observations, random sampling of respondents, linearity of relationships and 
multivariate normality) address missing data issues and determine if the model 
will use covariance matrices or conelation matrices for data input. (Covariance 
matrices are preferred, and if only a correlation matrix exists, the computer 
software uses mean and standard deviation of the data set to calculate the 
covariance matrix). 
Assess the structural model. A model is identified to determine if there are 
sufficient equations to solve each of the coefficients (unknowns) to be 
estimated. The researcher desires to have an over-identified (more equations 
than estimated coefficients and degrees of freedom greater than zero) model. 
Evaluate the model fit. Use Goodness-of-fit measures to determine how 
adequately the model accoimts for the data. 
Interpret the results and, if necessary, modify the model. 
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